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(2) The upper 90 percent confidence
limit of the true mean divided by 1.1.

(Energy Policy and Conservation Act, Pub.
L. 94-163, as amended by Pub. L. 95-619; De-
partment of Energy Organization Act, Pub.
L. 95-91)

[44 FR 22416, Apr. 13, 1979, as amended at 44
FR 39153, July 5, 1979; 44 FR 76706, Dec. 27,
1979; 45 FR 53719, Aug. 12, 1980; 53 FR 8312,
Mar. 14, 1988; 54 FR 6075, Feb. 7, 1989; 56 FR
18682, April 24, 1991. Redesignated and
amended at 59 FR 49474, 49475, Sept. 28, 1994;
62 FR 29239, May 29, 1997; 63 FR 13316, Mar. 18,
1998]

§430.25 Laboratory Accreditation Pro-
gram.

The testing for general service fluo-
rescent lamps, general service incan-
descent lamps, incandescent reflector
lamps, and medium base compact fluo-
rescent lamps, shall be performed in
accordance with Appendix R to this
subpart and shall be conducted by test
laboratories accredited by the National
Voluntary Laboratory Accreditation
Program (NVLAP) or by an accrediting
organization recognized by NVLAP.
NVLAP is a program of the National
Institute of Standards and Technology,
U. S. Department of Commerce.
NVLAP standards for accreditation of
laboratories that test for compliance
with standards for lamp efficacy and
CRI are given in 15 CFR part 285 as sup-
plemented by NVLAP Handbook 150-01,
“Energy Efficient Lighting Products,
Lamps and Luminaires.”” A manufac-
turer’s or importer’s own laboratory, if
accredited, may conduct the applicable
testing.

[62 FR 29240, May 29, 1997]

§430.27 Petitions for waiver and appli-
cations for interim waiver.

(a)(1) Any interested person may sub-
mit a petition to waive for a particular
basic model any requirements of
§430.23, or of any appendix to this sub-
part, upon the grounds that the basic
model contains one or more design
characteristics which either prevent
testing of the basic model according to
the prescribed test procedures, or the
prescribed test procedures may evalu-
ate the basic model in a manner so un-
representative of its true energy con-
sumption characteristics, or water con-
sumption characteristics (in the case of
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faucets, showerheads, water closets,
and urinals) as to provide materially
inaccurate comparative data.

(2) Any interested person who has
submitted a Petition for Waiver as pro-
vided in this subpart may also file an
Application for Interim Waiver of the
applicable test procedure require-
ments.

(b)(1) A Petition for Waiver shall be
submitted, in triplicate, to the Assist-
ant Secretary for Conservation and Re-
newable Energy, United States Depart-
ment of Energy. Each Petition for
Waiver shall:

(i) Identify the particular basic
model(s) for which a waiver is re-
quested, the design characteristic(s)
constituting the grounds for the peti-
tion, and the specific requirements
sought to be waived and shall discuss
in detail the need for the requested
waiver;

(ii) ldentify manufacturers of all
other basic models marketed in the
United States and known to the peti-
tioner to incorporate similar design
characteristic(s);

(iii) Include any alternate test proce-
dures known to the petitioner to evalu-
ate in a manner representative of the
energy consumption characteristics, or
water consumption characteristics (in
the case of faucets, showerheads, water
closets, and urinals) of the basic model;
and

(iv) Be signed by the petitioner or by
an authorized representative. In ac-
cordance with the provisions set forth
in 10 CFR 1004.11, any request for con-
fidential treatment of any information
contained in a Petition for Waiver or in
supporting documentation must be ac-
companied by a copy of the petition,
application or supporting documenta-
tion from which the information
claimed to be confidential has been de-
leted. DOE shall publish in the FED-
ERAL REGISTER the petition and sup-
porting documents from which con-
fidential information, as determined by
DOE, has been deleted in accordance
with 10 CFR 1004.11 and shall solicit
comments, data and information with
respect to the determination of the pe-
tition. Any person submitting written
comments to DOE with the respect to a
Petition for Waiver shall also send a
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copy of such comments to the peti-
tioner. In accordance with paragraph
(i) of this section, a petitioner may
submit a rebuttal statement to the As-
sistant Secretary for Conservation and
Renewable Energy.

(2) An Application for Interim Waiver
shall be submitted in triplicate, with
the required three copies of the Peti-
tion for Waiver, to the Assistant Sec-
retary for Conservation and Renewable
Energy, U.S. Department of Energy.
Each Application for Interim Waiver
shall reference the Petition for Waiver
by identifying the particular basic
model(s) for which a waiver and tem-
porary exception are being sought.
Each Application for Interim Waiver
shall demonstrate likely success of the
Petition for Waiver and shall address
what economic hardship and/or com-
petitive disadvantage is likely to re-
sult absent a favorable determination
on the Application for Interim Waiver.
Each Application for Interim Waiver
shall be signed by the applicant or by
an authorized representative.

(c)(1) Each petitioner, after filing a
Petition for Waiver with DOE, and
after the Petition for Waiver has been
published in the FEDERAL REGISTER,
shall, within five working days of such
publication, notify in writing all
known manufacturers of domestically
marketed units of the same product
type (as listed in section 322(a) of the
Act) and shall include in the notice a
statement that DOE has published in
the FEDERAL REGISTER on a certain
date the Petition for Waiver and sup-
porting documents from which con-
fidential information, if any, as deter-
mined by DOE, has been deleted in ac-
cordance with 10 CFR 1004.11. Each pe-
titioner, in complying with the re-
quirements of this paragraph, shall file
with DOE a statement certifying the
names and addresses of each person to
whom a notice of the Petition for
Waiver has been sent.

(2) Each applicant for Interim Waiv-
er, whether filing jointly with, or sub-
sequent to, a Petition for Waiver with
DOE, shall concurrently notify in writ-
ing all known manufacturers of domes-
tically marketed units of the same
product type (as listed in Section 322(a)
of the Act) and shall include in the no-
tice a copy of the Petition for Waiver
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and a copy of the Application for In-
terim Waiver. In complying with this
section, each applicant shall in the
written notification include a state-
ment that the Assistant Secretary for
Conservation and Renewable Energy
will receive and consider timely writ-
ten comments on the Application for
Interim Waiver. Each applicant, upon
filing an Application for Interim Waiv-
er, shall in complying with the require-
ments of this paragraph certify to DOE
that a copy of these documents have
been sent to all known manufacturers
of domestically marked units of the
same product type (as listed in section
322(a) of the Act). Such certification
shall include the names and addresses
of such persons. Each applicant also
shall comply with the provisions of
paragraph (c)(1) of this section with re-
spect to the petition for waiver.

(d) Any person submitting written
comments to DOE with respect to an
Application for Interim Waiver shall
also send a copy of the comments to
the applicant.

(e) If administratively feasible, appli-
cant shall be notified in writing of the
disposition of the Application for In-
terim Waiver within 15 business days of
receipt of the application. Notice of
DOE’s determination on the Applica-
tion for Interim Waiver shall be pub-
lished in the FEDERAL REGISTER.

(f) The filing of an Application for In-
terim Waiver shall not constitute
grounds for noncompliance with any
requirements of this subpart, until an
Interim Waiver has been granted.

(g) An Interim Waiver from test pro-
cedure requirements will be granted by
the Assistant Secretary for Conserva-
tion and Renewable Energy if it is de-
termined that the applicant will expe-
rience economic hardship if the Appli-
cation for Interim Waiver is denied, if
it appears likely that the Petition for
Waiver will be granted, and/or the As-
sistant Secretary determines that it
would be desirable for public policy
reasons to grant immediate relief pend-
ing a determination on the Petition for
Waiver.

(h) An interim waiver will terminate
180 days after issuance or upon the de-
termination on the Petition for Waiv-
er, whichever occurs first. An interim
waiver may be extended by DOE for 180
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days. Notice of such extension and/or
any modification of the terms or dura-
tion of the interim waiver shall be pub-
lished in the FEDERAL REGISTER, and
shall be based on relevant information
contained in the record and any com-
ments received subsequent to issuance
of the interim waiver.

(i) Following publication of the Peti-
tion for Waiver in the FEDERAL REG-
ISTER, a petitioner may, within 10
working days of receipt of a copy of
any comments submitted in accordance
with paragraph (b)(1) of this section,
submit a rebuttal statement to the As-
sistant Secretary for Conservation and
Renewable Energy. A petitioner may
rebut more than one response in a sin-
gle rebuttal statement.

(J) The petitioner shall be notified in
writing as soon as practicable of the
disposition of each Petition for Waiver.
The Assistant Secretary for Conserva-
tion and Renewable Energy shall issue
a decision on the petition as soon as is
practicable following receipt and re-
view of the Petition for Waiver and
other applicable documents, including,
but not limited to, comments and re-
buttal statements.

(k) The filing of a Petition for Waiver
shall not constitute grounds for non-
compliance with any requirements of
this subpart, until a waiver or interim
waiver has been granted.

(I) Waivers will be granted by the As-
sistant Secretary for Conservation and
Renewable Energy, if it is determined
that the basic model for which the
waiver was requested contains a design
characteristic which either prevents
testing of the basic model according to
the prescribed test procedures, or the
prescribed test procedures may evalu-
ate the basic model in a manner so un-
representative of its true energy con-
sumption characteristics, or water con-
sumption characteristics (in the case of
faucets, showerheads, water closets,
and urinals) as to provide materially
inaccurate comparative data. Waivers
may be granted subject to conditions,
which may include adherence to alter-
nate test procedures specified by the
Assistant Secretary for Conservation
and Renewable Energy. The Assistant
Secretary shall consult with the Fed-
eral Trade Commission prior to grant-
ing any waiver, and shall promptly
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publish in the FEDERAL REGISTER no-
tice of each waiver granted or denied,
and any limiting conditions of each
waiver granted.

(m) Within one year of the granting
of any waiver, the Department of En-
ergy will publish in the FEDERAL REG-
ISTER a notice of proposed rulemaking
to amend its regulations so as to elimi-
nate any need for the continuation of
such waiver. As soon thereafter as
practicable, the Department of Energy
will publish in the FEDERAL REGISTER a
final rule. Such waiver will terminate
on the effective date of such final rule.

(n) In order to exhaust administra-
tive remedies, any person aggrieved by
an action under this section must file
an appeal with the DOE’s Office of
Hearings and Appeals as provided in 10
CFR part 1003, subpart C.

[51 FR 42826, Nov. 26, 1986, as amended at 60
FR 15017, Mar. 21, 1995; 63 FR 13316, Mar. 18,
1998]

APPENDIX Al TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF ELECTRIC REFRIGERATORS
AND ELECTRIC REFRIGERATOR-
FREEZERS

1. Definitions

1.1 “HRF-1-1979” means the Association
of Home Appliance Manufacturers standard
for household refrigerators, combination re-
frigerator-freezers, and household freezers,
also approved as an American National
Standard as a revision of ANSI B 38.1-1970.

1.2 “Adjusted total volume” means the
sum of (i) the fresh food compartment vol-
ume as defined in HRF-1-1979 in cubic feet,
and (ii) the product of an adjustment factor
and the net freezer compartment volume as
defined in HRF-1-1979, in cubic feet.

1.3 **Anti-sweat heater’” means a device
incorporated into the design of a refrigerator
or refrigerator-freezer to prevent the accu-
mulation of moisture on exterior surfaces of
the cabinet under conditions of high ambient
humidity.

1.4 “*All-refrigerator’” means an electric
refrigerator which does not include a com-
partment for the freezing and long time stor-
age of food at temperatures below 32 °F. (0.0
°C.). It may include a compartment of 0.50
cubic feet capacity (14.2 liters) or less for the
freezing and storage of ice.

1.5 ‘“*Cycle” means the period of 24 hours
for which the energy use of an electric refrig-
erator or electric refrigerator-freezer is cal-
culated as though the consumer activated
compartment temperature controls were set
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so that the desired compartment tempera-
tures were maintained.

1.6 ‘‘Cycle type” means the set of test
conditions having the calculated effect of op-
erating an electric refrigerator or electric
refrigerator-freezer for a period of 24 hours,
with the consumer activated controls other
than those that control compartment tem-
peratures set to establish various operating
characteristics.

1.7 *“*Standard cycle” means the cycle
type in which the anti-sweat heater control,
when provided, is set in the highest energy
consuming position.

1.8 ‘*‘Automatic defrost”” means a system
in which the defrost cycle is automatically
initiated and terminated, with resumption of
normal refrigeration at the conclusion of the
defrost operation. The system automatically
prevents the permanent formation of frost
on all refrigerated surfaces. Nominal refrig-
erated food temperatures are maintained
during the operation of the automatic de-
frost system.

1.9 ‘‘Long-time Automatic Defrost”
means an automatic defrost system where
successive defrost cycles are separated by 14
hours or more of compressor-operating time.

1.10 ‘‘Stabilization Period”” means the
total period of time during which steady-
state conditions are being attained or evalu-
ated.

1.11 *““*Variable defrost control’” means a
long-time automatic defrost system (except
the 14-hour defrost qualification does not
apply) where successive defrost cycles are
determined by an operating condition vari-
able or variables other than solely com-
pressor operating time. This includes any
electrical or mechanical device. Demand de-
frost is a type of variable defrost control.

1.12 ‘“*Externally vented refrigerator or re-
frigerator-freezer’” means an electric refrig-
erator or electric refrigerator-freezer that:
has an enclosed condenser or an enclosed
condenser/compressor compartment and a
set of air ducts for transferring the exterior
air from outside the building envelope into,
through and out of the refrigerator or refrig-
erator-freezer cabinet; is capable of mixing
exterior air with the room air before dis-
charging into, through, and out of the con-
denser or condenser/compressor compart-
ment; includes thermostatically controlled
dampers or controls that enable the mixing
of the exterior and room air at low outdoor
temperatures, and the exclusion of exterior
air when the outdoor air temperature is
above 80 °F or the room air temperature; and
may have a thermostatically actuated exte-
rior air fan.

2. Test Conditions

2.1 Ambient temperature. The ambient
temperature shall be 90.0 + 1 °F. (32.3%0.6 °C.)
during the stabilization period and during
the test period. The ambient temperature
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shall be 80+2 °F dry bulb and 67 °F wet bulb
during the stabilization period and during
the test period when the unit is tested in ac-
cordance with section 3.3.

2.2 Operational conditions. The electric
refrigerator or electric refrigerator-freezer
shall be installed and its operating condi-
tions maintained in accordance with HRF-1-
1979, section 7.2 through section 7.4.3.3, ex-
cept that the vertical ambient temperature
gradient at locations 10 inches (25.4 cm) out
from the centers of the two sides of the unit
being tested is to be maintained during the
test. Unless the area is obstructed by shields
or baffles, the gradient is to be maintained
from 2 inches (5.1 cm) above the floor or sup-
porting platform to a height one foot (30.5
cm) above the unit under test. Defrost con-
trols are to be operative and the anti-sweat
heater switch is to be “on’ during one test
and “‘off”” during a second test. Other excep-
tions are noted in 2.3, 2.4, and 5.1 below.

2.3 Conditions for automatic defrost re-
frigerator-freezers. For automatic defrost re-
frigerator-freezers, the freezer compartments
shall not be loaded with any frozen food
packages. Cylindrical metallic masses of di-
mensions 1.1240.25 inches (2.9£0.6 cm) in di-
ameter and height shall be attached in good
thermal contact with each temperature sen-
sor within the refrigerated compartments.
All temperature measuring sensor masses
shall be supported by nonthermally conduc-
tive supports in such a manner that there
will be at least one inch (2.5 cm) of air space
separating the thermal mass from contact
with any surface. In case of interference with
hardware at the sensor locations specified in
section 5.1, the sensors shall be placed at the
nearest adjacent location such that there
will be a one inch air space separating the
sensor mass from the hardware.

2.4 Conditions for all-refrigerators. There
shall be no load in the freezer compartment
during the test.

2.5 Steady State Condition. Steady state
conditions exist if the temperature measure-
ments in all measured compartments taken
at four minute intervals or less during a sta-
bilization period are not changing at a rate
greater than 0.042 °F. (0.023 °C.) per hour as
determined by the applicable condition of A
or B.

A. The average of the measurements dur-
ing a two hour period if no cycling occurs or
during a number of complete repetitive com-
pressor cycles through a period of no less
than two hours is compare to the average
over an equivalent time period with three
hours elapsed between the two measurement
periods.

B. If A above cannot be used, the average
of the measurements during a number of
complete repetitive compressor cycles
through a period of no less than two hours
and including the last complete cycle prior
to a defrost period, or if no cycling occurs,
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the average of the measurements during the
last two hours prior to a defrost period; are
compared to the same averaging period prior
to the following defrost period.

2.6 Exterior air for externally vented re-
frigerator or refrigerator-freezer. An exterior
air source shall be provided with adjustable
temperature and pressure capabilities. The
exterior air temperature shall be adjustable
from 35+1 °F (1.740.6 °C) to 90+1 °F (32.240.6
°C).

2.6.1 Air duct. The exterior air shall pass
from the exterior air source to the test unit
through an insulated air duct.

2.6.2 Air temperature measurement. The
air temperature entering the condenser or
condenser/compressor compartment shall be
maintained to +3 °F (1.7 °C) during the sta-
bilization and test periods and shall be meas-
ured at the inlet point of the condenser or
condenser/compressor compartment (‘‘con-
denser inlet’”). Temperature measurements
shall be taken from at least three tempera-
ture sensors or one sensor per 4 square inches
of the air duct cross sectional area, which-
ever is greater, and shall be averaged. For a
unit that has a condenser air fan, a min-
imum of three temperature sensors at the
condenser fan discharge shall be required.
Temperature sensors shall be arranged to be
at the centers of equally divided cross sec-
tional areas. The exterior air temperature,
at its source, shall be measured and main-
tained to %1 °F (0.6 °C) during the test period.
The temperature measuring devices shall
have an error not greater than 0.5 °F (0.3
°C). Measurements of the air temperature
during the test period shall be taken at reg-
ular intervals not to exceed four minutes.

2.6.3 Exterior air static pressure. The ex-
terior air static pressure at the inlet point of
the unit shall be adjusted to maintain a neg-
ative pressure of 0.20"+0.05” water column (62
Pat12.5 Pa) for all air flow rates supplied to
the unit. The pressure sensor shall be located
on a straight duct with a distance of at least
7.5 times the diameter of the duct upstream
and a distance of at least 3 times the diame-
ter of the duct downstream. There shall be
four static pressure taps at 90°angles apart.
The four pressures shall be averaged by
interconnecting the four pressure taps. The
air pressure measuring instrument shall
have an error not greater than 0.01” water
column (2.5 Pa).

3. Test Control Settings

3.1 Model with no user operable tempera-
ture control. A test shall be performed dur-
ing which the compartment temperatures
and energy use shall be measured. A second
test shall be performed with the temperature
control electrically short circuited to cause
the compressor to run continuously.

3.2 Model with user operable temperature
control. Testing shall be performed in ac-
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cordance with one of the following sections
using the standardized temperatures of:

All-refrigerator: 38 °F. (3.3 °C.) fresh food
compartment temperature

Refrigerator: 15 °F. (—9.4 °C.) freezer com-
partment temperature

Refrigerator-freezer: 5 °F. (=15 °C.) freezer
compartment temperature

Variable defrost control models: 5 °F (—15
°C) freezer compartment temperature and
38 +2 °F fresh food compartment tempera-
ture during steady-state conditions with
no door-openings. If both settings cannot
be obtained, then test with the fresh food
compartment temperature at 38+2 °F and
the freezer compartment as close to 5 °F as
possible.

3.2.1 A first test shall be performed with
all compartment temperature controls set at
their median position midway between their
warmest and coldest settings. Knob detents
shall be mechanically defeated if necessary
to attain a median setting. A second test
shall be performed with all controls set at ei-
ther their warmest or their coldest setting
(not electrically or mechanically bypassed),
whichever is appropriate, to attempt to
achieve compartment temperatures meas-
ured during the two tests which bound (i.e.,
one is above and one is below) the standard-
ized temperature for the type of product
being tested. If the compartment tempera-
tures measured during these two tests bound
the appropriate standardized temperature,
then these test results shall be used to deter-
mine energy consumption. If the compart-
ment temperature measured with all con-
trols set at their coldest setting is above the
standardized temperature, a third test shall
be performed with all controls set at their
warmest setting and the result of this test
shall be used with the result of the test per-
formed with all controls set at their coldest
setting to determine energy consumption. If
the compartment temperature measured
with all controls set at their warmest set-
ting is below the standardized temperature;
and the fresh food compartment temperature
is below 45 °F. (7.22 °C.) in the case of a re-
frigerator or a refrigerator-freezer, excluding
an all-refrigerator, then the result of this
test alone will be used to determine energy
consumption.

3.2.2 Alternatively, a first test may be
performed with all temperature controls set
at their warmest setting. If the compart-
ment temperature is below the appropriate
standardized temperature, and the fresh food
compartment temperature is below 45 °F.
(7.22 °C.) in the case of a refrigerator or a re-
frigerator-freezer, excluding an all-refrig-
erator, then the result of this test alone will
be used to determine energy consumption. If
the above conditions are not met, then the
unit shall be tested in accordance with 3.2.1
above.

130



Department of Energy

3.2.3 Alternatively, a first test may be
performed with all temperature controls set
at their coldest setting. If the compartment
temperature is above the appropriate stand-
ardized temperature, a second test shall be
performed with all controls set at their
warmest control setting and the results of
these two tests shall be used to determine
energy consumption. If the above condition
is not met, then the unit shall be tested in
accordance with 3.2.1 above.

3.3 Variable defrost control optional test.
After a steady-state condition is achieved,
the optional test requires door-openings for
12+2 seconds every 60 minutes on the fresh
food compartment door and a simultaneous
1242 second freezer compartment door-open-
ing occurring every 4th time, to obtain 24
fresh food and six freezer compartment door-
openings per 24-hour period. The first freezer
door-opening shall be simultaneous with the
fourth fresh food door-opening. The doors are
to be opened 60° to 90°with an average veloc-
ity for the leading edge of the door of ap-
proximately 2 ft./sec. Prior to the initiation
of the door-opening sequence, the refrig-
erator defrost control mechanism may be re-
initiated in order to minimize the test dura-
tion.

4. Test Period

4.1 Test Period. Tests shall be performed
by establishing the conditions set forth in
Section 2, and using control settings as set
forth in Section 3, above.

4.1.1 Nonautomatic Defrost. If the model
being tested has no automatic defrost sys-
tem, the test time period shall start after
steady state conditions have been achieved
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and be of not less than three hours in dura-
tion. During the test period, the compressor
motor shall complete two or more whole
compressor cycles (a compressor cycle is a
complete ““‘on”” and a complete ‘“‘off”’ period
of the motor). If no “‘off”” cycling will occur,
as determined during the stabilization pe-
riod, the test period shall be three hours. If
incomplete cycling (less than two com-
pressor cycles) occurs during a 24 hour pe-
riod, the results of the 24 hour period shall
be used.

4.1.2 Automatic Defrost. If the model
being tested has an automatic defrost sys-
tem, the test time period shall start after
steady state conditions have been achieved
and be from one point during a defrost period
to the same point during the next defrost pe-
riod. If the model being tested has a long-
time automatic defrost system, the alter-
native provisions of 4.1.2.1 may be used.If the
model being tested has a variable defrost
control, the provisions of section 4.1.2.2 or
4.1.2.3 shall apply. If the model has a dual
compressor system the provisions of 4.1.2.4
shall apply.

4.1.2.1 Long-time Automatic Defrost. If
the model being tested has a long-time auto-
matic defrost system, the test time period
may consist of two parts. A first part would
be the same as the test for a unit having no
defrost provisions (section 4.1.1). The second
part would start when a defrost is initiated
when the compressor ‘“‘on’” cycle is termi-
nated prior to start of the defrost heater and
terminates at the second turn ‘“‘on’ of the
compressor or four hours from the initiation
of the defrost heater, whichever comes first.
See diagram in Figure 1 to this section.
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Figure 1

Long Time Automatic Defrost Diagram
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4.1.2.2 Variable defrost control. If the tionship of 90 percent confidence. The test is

model being tested has a variable defrost
control system, the test shall consist of
three parts. Two parts shall be the same as
the test for long-time automatic defrost
(section 4.1.2.1). The third part is the op-
tional test to determine the time between
defrosts (section 5.2.1.3). The third part is
used by manufacturers that choose not to ac-
cept the default value of F of 0.20, to cal-
culate CT.

4.1.2.3 Variable defrost control optional
test. After steady-state conditions with no
door openings are achieved in accordance
with section 3.3 above, the test is continued
using the above daily door-opening sequence
until stabilized operation is achieved. Sta-
bilization is defined as a minimum of three
consecutive defrost cycles with times be-
tween defrosts that will allow the calcula-
tion of a Mean Time Between Defrosts
(MTBD1) that satisfies the statistical rela-

repeated on at least one more unit of the
model and until the Mean Time Between
Defrosts for the multiple unit tests (MTBD2)
satisfies the statistical relationship. If the
time between defrosts is greater than 96
hours (compressor ‘“‘on’’ time) and this de-
frost period can be repeated on a second unit,
the test may be terminated at 96 hours (CT)
and the absolute time value used for MTBD
for each unit.

4.1.2.4 Dual compressor systems with
automatic defrost. If the model being tested
has separate compressor systems for the re-
frigerator and freezer sections, each with its
own automatic defrost system, then the two-
part method in 4.1.2.1 shall be used. The sec-
ond part of the method will be conducted
separately for each automatic defrost sys-
tem. The auxiliary components (fan motors,
anti-sweat heaters, etc.) will be identified for
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each system and the energy consumption
measured during each test.

5. Test Measurements

5.1 Temperature Measurements. Tempera-
ture measurements shall be made at the lo-
cations prescribed in Figures 7.1 and 7.2 of
HRF-1-1979 and shall be accurate to within +
0.5 °F. (0.3 °C.) of true value. No freezer tem-
perature measurements need be taken in an
all-refrigerator model.

If the interior arrangements of the cabinet
do not conform with those shown in Figure
7.1 and 7.2 of HRF-1-1979, measurements
shall be taken at selected locations chosen
to represent approximately the entire refrig-
erated compartment. The locations selected
shall be a matter of record.

5.1.1 Measured Temperature. The meas-
ured temperature of a compartment is to be
the average of all sensor temperature read-
ings taken in that compartment at a par-
ticular time. Measurements shall be taken at
regular intervals not to exceed four minutes.

5.1.2 Compartment Temperature. The
compartment temperature for each test pe-
riod shall be an average of the measured
temperatures taken in a compartment dur-
ing a complete cycle or several complete cy-
cles of the compressor motor (one com-
pressor cycle is one complete motor ‘“‘on”
and one complete motor ‘“‘off” period). For
long-time automatic defrost models, com-
partment temperatures shall be those meas-
ured in the first part of the test period speci-
fied in 4.1.1. For models equipped with vari-
able defrost controls, compartment tempera-
tures shall be those measured in the first
part of the test period specified in 4.1.2.2
above.

5.1.2.1 The number of complete com-
pressor motor cycles over which the meas-
ured temperatures in a compartment are to
be averaged to determine compartment tem-
perature shall be equal to the number of
minutes between measured temperature
readings, rounded up to the next whole
minute or a number of complete cycles over
a time period exceeding one hour. One of the
cycles shall be the last complete compressor
motor cycle during the test period.

5.1.2.2 If no compressor motor cycling oc-
curs, the compartment temperature shall be
the average of the measured temperatures
taken during the last thirty-two minutes of
the test period.

5.1.2.3 If incomplete cycling occurs, the
compartment temperatures shall be the av-
erage of the measured temperatures taken
during the last three hours of the last com-
plete ““‘on’’ period.

5.2 Energy Measurements

5.2.1 Per-day Energy Consumption. The
energy consumption in Kkilowatt-hours per
day for each test period shall be the energy
expended during the test period as specified
in section 4.1 adjusted to a 24 hour period.
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The adjustment shall be determined as fol-
lows:

5.2.1.1 Nonautomatic and automatic de-
frost models. The energy consumption in Kil-
owatt-hours per day shall be calculated
equivalent to:

ET=EPx1440/T

where

ET=test cycle energy expended in kilowatt-
hours per day,

EP=energy expended in kilowatt-hours dur-
ing the test period,

T=length of time of the test period in min-
utes, and

1440=conversion factor to adjust to a 24 hour
period in minutes per day.

5.2.1.2 Long-time Automatic Defrost. If
the two part test method is used, the energy
consumption in kilowatt-hours per day shall
be calculated equivalent to:

ET=(1440xEP1/T1)+((EP2 — (EP1xT2/T1))x12/
CT)

where

ET and 1440 are defined in 5.2.1.1,

EPl=energy expended in kilowatt-hours dur-
ing the first part of the test,

EP2=energy expended in Kilowatt-hours dur-
ing the second part of the test,

T1 and T2=length of time in minutes of the
first and second test parts respectively,

CT=Defrost timer run time in hours required
to cause it to go through a complete cycle,
to the nearest tenth hour per cycle, and

12=factor to adjust for a 50% run time of the
compressor in hours per day.

5.2.1.3 Variable defrost control. The en-
ergy consumption in kilowatt-hours per day
shall be calculated equivalent to:

ET=(1440xEP1/T1)+(EP2 — (EP1xT2/T1))x(12/
CT) where 1440 is defined in 5.2.1.1 and EP1,
EP2, T1, T2 and 12 are defined in 5.2.1.2.

CT=CTixCTm)/(FX(CTy—CTL)+CTy)

CT_=least or shortest time between defrosts
in tenths of an hour (greater than or equal
to six but less than or equal to 12 hours)

CTum=maximum time between defrost cycles
in tenths of an hour (greater than CT. but
not more than 96 hours)

F=ratio of per day energy consumption in ex-
cess of the least energy and the maximum
difference in per day energy consumption
and is equal to

F = (UCT - UCTw/UCT. - 1UCTym =
(ET-ETL)/ETM — ETL) or 0.20 in lieu of
testing to find CT.

ET. = least electrical energy used (kilowatt
hours)

ETvm=maximum electrical energy used (Kkilo-
watt hours). For demand defrost models
with no values for CT. and CTy in the algo-
rithm the default values of 12 and 84 shall
be used, respectively.
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5.2.1.4 Optional test method for variable
defrost controls.

CT = MTBDx0.5

where:
MTBD = mean time between defrosts

MTBD = Z—X
N

where:

X=in time between defrost cycles
N=number of defrost cycles

5.2.1.5 Dual compressor systems with dual
automatic defrost. The two-part test method
in section 4.1.2.2 must be used, the energy
consumption in kilowatt per day shall be
calculated equivalent to:

ET=(1440 x EPVT1) + (EP2: — (EPr x T2/T1))
X 12ICTg + (EP2r — (EPg x T3/T1)) x 12/CTx

Where 1440, EP1, T1, EP2, 12, and CT are de-

fined in 5.2.1.2

EPr: = energy expended in kilowatt-hours
during the second part of the test for the
freezer system by the freezer system.

EP2r = total energy expended during the sec-
ond part of the test for the freezer system.

EPr = energy expended in kilowatt-hours
during the second part of the test for the
refrigerator system by the refrigerator sys-
tem.

EP2r = total energy expended during the sec-
ond part of the test for the refrigerator
system.

T2 and T3 = length of time in minutes of the
second test part for the freezer and refrig-
erator systems respectively.

CTg = compressor ‘‘on’ time between freezer
defrosts (tenths of an hour).

CTr = compressor “‘on’’ time between refrig-
erator defrosts (tenths of an hour).

5.3 Volume measurements. The electric
refrigerator or electric refrigerator-freezer
total refrigerated volume, VT, shall be meas-
ured in accordance with HRF-1-1979, section
3.20 and sections 4.2 through 4.3 and be cal-
culated equivalent to:

VT=VF+VFF

where

VT=total refrigerated volume in cubic feet,

VF=freezer compartment volume in cubic
feet, and

VFF=fresh food compartment volume in
cubic feet.

5.4 Externally vented refrigerator or re-
frigerator-freezer units. All test measure-
ments for the externally vented refrigerator
or refrigerator-freezer shall be made in ac-
cordance with the requirements of other sec-
tions of this appendix, except as modified in
this section 5.4 or other sections expressly
applicable to externally vented refrigerators
or refrigerator-freezers.

10 CFR Ch. Il (1-1-05 Edition)

5.4.1 Operability of thermostatic and mix-
ing of air controls. Prior to conducting en-
ergy consumption tests, the operability of
thermostatic controls that permit the mix-
ing of exterior and ambient air when exterior
air temperatures are less than 60 °F must be
verified. The operability of such controls
shall be verified by operating the unit under
ambient air temperature of 90 °F and exte-
rior air temperature of 45 °F. If the inlet air
entering the condenser or condenser/com-
pressor compartment is maintained at 60 °F,
plus or minus three degrees, energy con-
sumption of the unit shall be measured
under 5.4.2.2 and 5.4.2.3. If the inlet air enter-
ing the condenser or condenser/compressor
compartment is not maintained at 60 °F, plus
or minus three degrees, energy consumption
of the unit shall also be measured under
5.4.2.4.

5.4.2 Energy consumption tests.

5.4.2.1 Correction factor test. To enable
calculation of a correction factor, K, two full
cycle tests shall be conducted to measure en-
ergy consumption of the unit with air mix-
ing controls disabled and the condenser inlet
air temperatures set at 90 °F (32.2 °C) and 80
°F (26.7 °C). Both tests shall be conducted
with all compartment temperature controls
set at the position midway between their
warmest and coldest settings and the anti-
sweat heater switch off. Record the energy
consumptions ecyy and ecgo, in KWh/day.

5.4.2.2 Energy consumption at 90 °F. The
unit shall be tested at 90 °F (32.2 °C) exterior
air temperature to record the energy con-
sumptions (eq); in kWh/day. For a given set-
ting of the anti-sweat heater, i corresponds
to each of the two states of the compartment
temperature control positions.

5.4.2.3 Energy consumption at 60 °F. The
unit shall be tested at 60 °F (26.7 °C) exterior
air temperature to record the energy con-
sumptions (eco)i in kWh/day. For a given set-
ting of the anti-sweat heater, i corresponds
to each of the two states of the compartment
temperature control positions.

5.4.2.4 Energy consumption if mixing con-
trols do not operate properly. If the oper-
ability of temperature and mixing controls
has not been verified as required under 5.4.1,
the unit shall be tested at 50 °F (10.0 °C) and
30 °F (—1.1 °C) exterior air temperatures to
record the energy consumptions (eso); and
(e30)i- For a given setting of the anti-sweat
heater, i corresponds to each of the two
states of the compartment temperature con-
trol positions.

6. Calculation of Derived Results from Test
Measurements

6.1 Adjusted Total Volume.

6.1.1 Electric refrigerators. The adjusted
total volume, VA, for electric refrigerators
under test shall be defined as:

VA=(VFXCR)+VFF
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where

VA=adjusted total volume in cubic feet,

VF and VFF are defined in 5.3, and

CR=adjustment factor of 1.44 for refrig-
erators other than all-refrigerators, or 1.0
for all-refrigerators, dimensionless,

6.1.2 Electric refrigerator-freezers. The
adjusted total volume, VA, for electric re-
frigerator-freezers under test shall be cal-
culated as follows:

VA=(VFxCRF)+VFF

where

VF and VFF are defined in 5.3 and VA is de-
fined in 6.1.1,

CRF=adjustment
dimensionless,

factor of 1.63,

6.2 Average Per-Cycle Energy consump-
tion.

6.2.1 All-refrigerator Models. The average
per-cycle energy consumption for a cycle
type is expressed in kilowatt-hours per cycle
to the nearest one hundredth (0.01) kilowatt-
hour and shall depend upon the temperature
attainable in the fresh food compartment as
shown below.

6.2.1.1 If the fresh food compartment tem-
perature is always below 38.0 °F. (3.3 °C.), the
average per-cycle energy consumption shall
be equivalent to:

E=ET1
where

E=Total per-cycle energy consumption in
kilowatt-hours per day,

ET is defined in 5.2.1, and Number 1 indicates
the test period during which the highest
fresh food compartment temperature is
measured.

6.2.1.2 If one of the fresh food compart-
ment temperatures measured for a test pe-
riod is greater than 38.0 °F. (3.3 °C.), the aver-
age per-cycle energy consumption shall be
equivalent to:

E=ET1+((ET2—-ET1)x(38.0- TR1)/(TR2—-TR1))
where

E is defined in 6.2.1.1,

ET is defined in 5.2.1,

TR=Fresh food compartment temperature
determined according to 5.1.2 in degrees F,

Number 1 and 2 indicates measurements
taken during the first and second test pe-
riod as appropriate, and

38.0=Standardized fresh food compartment
temperature in degrees F.

6.2.2 Refrigerators and refrigerator-freez-
ers. The average per-cycle energy consump-
tion for a cycle type is expressed in kilowatt-
hours per-cycle to the nearest one hundredth
(0.01) kilowatt-hour and shall be defined in
the applicable following manner.

6.2.2.1 If the fresh food compartment tem-
perature is always at or below 45 °F. (7.2 °C.)
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in both of the tests and the freezer compart-
ment temperature is always at or below 15
°F. (—9.4 °C.) in both tests of a refrigerator
or at or below 5 °F. (—15 °C.) in both tests of
a refrigerator-freezer, the per-cycle energy
consumption shall be:

E=ET1
where

E is defined in 6.2.1.1,
ET is defined in 5.2.1, and
Number 1 indicates the test period during
which the highest freezer compartment
temperature was measured.
6.2.2.2 If the conditions of 6.2.2.1 do not
exist, the per-cycle energy consumption
shall be defined by the higher of the two val-
ues calculated by the following two for-
mulas:

E=ET1+((ET2—-ET1)x(45.0— TR1)/(TR2 - TR1))

and
E=ET1+((ET2-ET1)x(k— TF1)/(TF2—TF1))

where
E is defined in 6.2.1.1,
ET is defined in 5.2.1,

TR and number 1 and 2 are defined in 6.2.1.2,
TF=Freezer compartment temperature de-
termined according to 5.1.2 in degrees F,
45.0 is a specified fresh food compartment

temperature in degree F, and
k is a constant 15.0 for refrigerators or 5.0 for

refrigerator-freezers each being standard-
ized freezer compartment temperature in

degrees F.

6.3 Externally vented refrigerator or re-
frigerator-freezers. Per-cycle energy con-
sumption measurements for the externally
vented refrigerator or refrigerator-freezer
shall be calculated in accordance with the
requirements of this Appendix, as modified
in sections 6.3.1-6.3.7.

6.3.1 Correction factor. A correction fac-
tor, K, shall be calculated as:

K = ecqplecso

where ecqy and ecgy = the energy consumption
test results as determined under 5.4.2.1.

6.3.2 Combining test results of different
settings of compartment temperature con-
trols. For a given setting of the anti-sweat
heater, follow the calculation procedures of
6.2 to combine the test results for energy
consumption of the unit at different tem-
perature control settings for each condenser
inlet air temperature tested under 5.4.2.2,
5.4.2.3, and 5.4.2.4, where applicable, (es);,
(e60)i, (€s0)i, and (esz0)i. The combined values
are o0, €0, €50, and €39, where applicable, in
kwWh/day.

6.3.3 Energy consumption corrections. For
a given setting of the anti-sweat heater, the
energy consumptions g, €0, €s0, and ez cal-
culated in 6.3.2 shall be adjusted by multi-
plying the correction factor K to obtain the
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corrected energy consumptions per day, in
kWh/day:

Eoo = K X €90,
Eso = K X €60
Eso = K x &50, and
Es0 = K X¢g30

where,

K is determined under section 6.3.1, and &0,
€60, €50, and g3 are determined under section
6.3.2.

6.3.4 Energy profile equation. For a given
setting of the anti-sweat heater, the energy
consumption Ex, in kWh/day, at a specific
exterior air temperature between 80 °F (26.7
°C) and 60 °F (26.7 °C) shall be calculated by
the following equation:

Ex =a+ bTyg,
where,

Tx = exterior air temperature in °F;
a = 3E¢—2Eq, iNn KWh/day;
b = (Ego— Ec0)/30, in kWh/day per °F.

6.3.5 Energy consumption at 80 °F (26.7
°C), 75 °F (23.9 °C) and 65 °F (18.3 °C). For a
given setting of the anti-sweat heater, cal-
culate the energy consumptions at 80 °F (26.7
°C), 75 °F (23.9 °C) and 65 °F (18.3 °C) exterior
air temperatures, Esy, E;s and Eegs, respec-
tively, in kWh/day, using the equation in
6.3.4.

6.3.6 National average per cycle energy
consumption. For a given setting of the anti-
sweat heater, calculate the national average
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energy consumption, Ey, in kWh/day, using
one of the following equations:

Exn = 0.523 X Ego + 0.165 X Ees + 0.181 x E75 +
0.131 x Ego, for units not tested under 5.4.2.4,

Ex = 0.257 X E3p + 0.266 X Eso + 0.165 X E¢s +
0.181 x E75 + 0.131 x Ego, for units tested
under 5.4.2.4,

where,

Eso, Eso, and Eg are defined in 6.3.3,

Ess, E7s, and Eso are defined in 6.3.5, and

the coefficients are weather associated
weighting factors.

6.3.7 Regional average per cycle energy
consumption. If regional average per cycle
energy consumption is required to be cal-
culated, for a given setting of the anti-sweat
heater, calculate the regional average per
cycle energy consumption, Eg, in kWh/day,
for the regions in figure 1 using one of the
following equations and the coefficients in
the table A:

Er = a; X Ego + C X Egs + d X E75s + € X Ego, for
a unit that is not required to be tested
under 5.4.2.4,

Er=axEz;+bxEso+CcxEgs +dxEss +e
x Ego, for a unit tested under 5.4.2.4,

where:

Eso, Eso, and Eg are defined in 6.3.3,

Ess, E7s, and Eso are defined in 6.3.5, and

a;, a, b, c, d, e are weather associated
weighting factors for the Regions, as speci-
fied in Table A:

TABLE A—COEFFICIENTS FOR CALCULATING REGIONAL AVERAGE PER CYCLE ENERGY CONSUMPTION
[Weighting Factors]

Regions a a b c d e
| 0.282 0.039 0.244 0.194 0.326 0.198
1l 0.486 | 0.194 | 0.293| 0.191 0.193 | 0.129
1] 0.584 | 0.302 | 0.282| 0.178| 0.159 | 0.079
v 0.664 | 0.420 | 0.244 | 0.161 0.121 0.055
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FIGURE 1. Weather Regions for the United States

Alaska Region IV

Hawaii Region I

[47 FR 34526, Aug. 10, 1982; 48 FR 13013, Mar. 29, 1983, as amended at 54 FR 36240, Aug. 31, 1989;
54 FR 38788, Sept. 20, 1989; 62 FR 47539, 47540, Sept. 9, 1997; 68 FR 10960, Mar. 7, 2003]

APPENDIX Bl TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF FREEZERS

1. Definitions.

1.1 “HRF-1-1979” means the Association
of Home Appliance Manufacturers standard
for household refrigerators, combination re-
frigerators-freezers, and household freezers,
also approved as an American National
Standard as a revision of ANSI B38.1-1970.

1.2 **Anti-sweat heater’” means a device
incorporated into the design of a freezer to
prevent the accumulation of moisture on ex-
terior surfaces of the cabinet under condi-
tions of high ambient humidity.

1.3 ‘“*Cycle” means the period of 24 hours
for which the energy use of a freezer is cal-
culated as though the consumer-activated
compartment temperature controls were pre-
set so that the desired compartment tem-
peratures were maintained.

1.4 **Cycle type” means the set of test
conditions having the calculated effect of op-
erating a freezer for a period of 24 hours with
the consumer-activated controls other than
the compartment temperature control set to
establish various operating characteristics.

1.5 “Standard cycle” means the cycle
type in which the anti-sweat heater switch,
when provided, is set in the highest energy
consuming position.

1.6 ‘““‘Adjusted total volume” means the
product of, (1) the freezer volume as defined
in HRF-1-1979 in cubic feet, times (2) an ad-
justment factor.

1.7 ‘**Automatic Defrost’” means a system
in which the defrost cycle is automatically
initiated and terminated, with resumption of
normal refrigeration at the conclusion of de-
frost operation. The system automatically
prevents the permanent formation of frost
on all refrigerated surfaces. Nominal refrig-
erated food temperatures are maintained
during the operation of the automatic de-
frost system.

1.8 ‘‘Long-time Automatic Defrost”
means an automatic defrost system where
successive defrost cycles are separated by 14
hours or more of compressor-operating time.

1.9 “Stabilization Period” means the
total period of time during which steady-
state conditions are being attained or evalu-
ated.

1.10 ‘“*Variable defrost control’” means a
long-time automatic defrost system (except
the 14-hour defrost qualification does not
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apply) where successive defrost cycles are
determined by an operating condition vari-
able or variables other than solely com-
pressor operating time. This includes any
electrical or mechanical device. Demand de-
frost is a type of variable defrost control.

1.11 “*Quick freeze’ means an optional
feature on freezers which is initiated manu-
ally and shut off manually. It bypasses the
thermostat control and places the com-
pressor in a steady-state operating condition
until it is shut off.

2. Test Conditions.

2.1 Ambient temperature. The ambient
temperature shall be 90.0+£1.0 °F. (32.2+£0.6 °C.)
during the stabilization period and during
the test period. The ambient temperature
shall be 80+2 °F dry bulb and 67 °F wet bulb
during the stabilization period and during
the test period when the unit is tested in ac-
cordance with section 3.3.

2.2 Operational conditions. The freezer
shall be installed and its operating condi-
tions maintained in accordance with HRF-1-
1979, section 7.2 through section 7.4.3.3, ex-
cept that the vertical ambient gradient at
locations 10 inches (25.4 cm) out from the the
centers of the two sides of the unit being
tested is to be maintained during the test.
Unless the area is obstructed by shields or
baffles, the gradient is to be maintained
from 2 inches (5.1 cm) above the floor or sup-
porting platform to a height one foot (30.5
cm) above the unit under test. Defrost con-
trols are to be operative and the anti-sweat
heater switch is to be ‘““‘on’ during one test
and “‘off” during a second test. The quick
freeze option shall be switched off unless
specified.

2.3 Steady State Condition. Steady state
conditions exist if the temperature measure-
ments taken at four minute intervals or less
during a stabilization period are not chang-
ing at a rate greater than 0.042 °F. (0.023 °C.)
per hour as determined by the applicable
condition of A or B.

A—The average of the measurements during
a two hour period if no cycling occurs or
during a number of complete repetitive
compressor cycles through a period of no
less than two hours is compared to the av-
erage over an equivalent time period with
three hours elapsed between the two meas-
urement periods.

B—If A above cannot be used, the average of
the measurements during a number of
complete repetitive compressor cycles
through a period of no less than two hours
and including the last complete cycle prior
to a defrost period, or if no cycling occurs,
the average of the measurements during
the last two hours prior to a defrost period;
are compared to the same averaging period
prior to the following defrost period.
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3. Test Control Settings.

3.1 Model with no user operable tempera-
ture control. A test shall be performed dur-
ing which the compartment temperature and
energy use shall be measured. A second test
shall be performed with the temperature
control electrically short circuited to cause
the compressor to run continuously. If the
model has the quick freeze option, it is to be
used to bypass the temperature control.

3.2 Model with user operable temperature
control. Testing shall be performed in ac-
cordance with one of the following sections
using the standardized temperature of 0.0 °F.
(—17.8 °C.). Variable defrost control models
shall achieve 0+2 °F during the steady-state
conditions prior to the optional test with no
door openings.

3.2.1 A first test shall be performed with
all temperature controls set at their median
position midway between their warmest and
coldest settings. Knob detents shall be me-
chanically defeated if necessary to attain a
median setting. A second test shall be per-
formed with all controls set at either their
warmest or their coldest setting (not elec-
trically or mechanically bypassed), which-
ever is appropriate, to attempt to achieve
compartment temperatures measured during
the two tests which bound (i.e., one is above
and one is below) the standardized tempera-
ture. If the compartment temperatures
measured during these two tests bound the
standardized temperature, then these test re-
sults shall be used to determine energy con-
sumption. If the compartment temperature
measured with all controls set at their cold-
est setting is above the standardized tem-
perature, a third test shall be performed
with all controls set at their warmest set-
ting and the result of this test shall be used
with the result of the test performed with all
controls set at their coldest setting to deter-
mine energy consumption. If the compart-
ment temperature measured with all con-
trols set at their warmest setting is below
the standardized temperature; then the re-
sult of this test alone will be used to deter-
mine energy consumption.

3.2.2 Alternatively, a first test may be
performed with all temperature controls set
at their warmest setting. If the compart-
ment temperature is below the standardized
temperature, then the result of this test
alone will be used to determine energy con-
sumption. If the above condition is not met,
then the unit shall be tested in accordance
with 3.2.1 above.

3.2.3 Alternatively, a first test may be
performed with all temperature controls set
at their coldest setting. If the compartment
temperature is above the standardized tem-
perature, a second test shall be performed
with all controls set at their warmest set-
ting and the results of these two tests shall
be used to determine energy consumption. If
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the above condition is not met, then the unit
shall be tested in accordance with 3.2.1
above.

3.3 Variable defrost control optional test.
After a steady-state condition is achieved,
the door-opening sequence is initiated with
an 18+2 second freezer door-opening occur-
ring every eight hours to obtain three door-
openings per 24-hour period. The first freezer
door-opening shall occur at the initiation of
the test period. The door(s) are to be opened
60 to 90°with an average velocity for the
leading edge of the door of approximately
two feet per second. Prior to the initiation of
the door-opening sequence, the freezer de-
frost control mechanism may be re-initiated
in order to minimize the test duration.

4. Test Period.

4.1 Test Period. Tests shall be performed
by establishing the conditions set forth in
Section 2 and using control settings as set
forth in Section 3 above.

4.1.1 Nonautomatic Defrost. If the model
being tested has no automatic defrost sys-
tem, the test time period shall start after
steady state conditions have been achieved,
and be of not less than three hours’ duration.
During the test period the compressor motor
shall complete two or more whole cycles (a
compressor cycle is a complete ‘““on” and a
complete “‘off” period of the motor). If no
“off”” cycling will occur, as determined dur-
ing the stabilization period, the test period
shall be three hours. If incomplete cycling
(less than two compressor cycles) occurs dur-
ing a 24 hour period, the results of the 24
hour period shall be used.

4.1.2 Automatic Defrost. If the model
being tested has an automatic defrost sys-
tem, the test time period shall start after
steady state conditions have been achieved
and be from one point during a defrost period
to the same point during the next defrost pe-
riod. If the model being tested has a long-
time automatic defrost system, the alternate
provisions of 4.1.2.1 may be used. If the model
being tested has a variable defrost control
the provisions of 4.1.2.2. shall apply.

4.1.2.1 Long-time Automatic Defrost. If
the model being tested has a long-time auto-
matic defrost system, the test time period
may consist of two parts. A first part would
be the same as the test for a unit having no
defrost provisions (section 4.1.1). The second
part would start when a defrost period is ini-
tiated during a compressor ‘‘on’’ cycle and
terminate at the second turn ‘“‘on” of the
compressor motor or after four hours, which-
ever comes first.

4.1.2.2 Variable defrost control. If the
model being tested has a variable defrost
control system, the test shall consist of
three parts. Two parts shall be the same as
the test for long-time automatic defrost in
accordance with section 4.1.2.1 above. The
third part is the optional test to determine
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the time between defrosts (5.2.1.3). The third
part is used by manufacturers that choose
not to accept the default value of F of 0.20,
to calculate CT.

4.1.2.3 Variable defrost control optional
test. After steady-state conditions with no
door-openings are achieved in accordance
with section 3.3 above, the test is continued
using the above daily door-opening sequence
until stabilized operation is achieved. Sta-
bilization is defined as a minimum of three
consecutive defrost cycles with times be-
tween defrost that will allow the calculation
of a Mean Time Between Defrosts (MTBD1)
that satisfies the statistical relationship of
90 percent confidence. The test is repeated on
at least one more unit of the model and until
the Mean Time Between Defrosts for the
multiple unit test (MTBD2) satisfies the sta-
tistical relationship. If the time between
defrosts is greater than 96 hours (compressor
““on’’ time) and this defrost period can be re-
peated on a second unit, the test may be ter-
minated at 96 hours (CT) and the absolute
time value used for MTBD for each unit.

5. Test Measurements.

5.1 Temperature Measurements. Tempera-
ture measurements shall be made at the lo-
cations prescribed in Figure 7-2 of HRF-1-
1979 and shall be accurate to within +0.5 °F.
(0.3 °C.) of true value.

5.1.1 Measured Temperature. The meas-
ured temperature is to be the average of all
sensor temperature readings taken at a par-
ticular time. Measurements shall be taken at
regular intervals not to exceed four minutes.

5.1.2 Compartment Temperature. The
compartment temperature for each test pe-
riod shall be an average of the measured
temperatures taken during a complete cycle
or several complete cycles of the compressor
motor (one compressor cycle is one complete
motor ‘“‘on” and one complete motor ‘‘off”
period). For long-time automatic defrost
models, compartment temperature shall be
that measured in the first part of the test pe-
riod specified in 4.1.1. For models equipped
with variable defrost controls, compartment
temperatures shall be those measured in the
first part of the test period specified in
4.1.2.2.

5.1.2.1 The number of complete com-
pressor motor cycles over which the meas-
ured temperatures in a compartment are to
be averaged to determine compartment tem-
perature shall be equal to the number of
minutes between measured temperature
readings rounded up to the next whole
minute or a number of complete cycles over
a time period exceeding one hour. One of the
cycles shall be the last complete compressor
motor cycles during the test period.

5.1.2.2 If no compressor motor cycling oc-
curs, the compartment temperature shall be
the average of the measured temperatures
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taken during the last thirty-two minutes of
the test period.

5.1.2.3 If incomplete cycling occurs (less
than one cycle) the compartment tempera-
ture shall be the average of all readings
taken during the last three hours of the last
complete ‘“‘on”’ period.

5.2 Energy Measurements:

5.2.1 Per-day Energy Consumption. The
energy consumption in kilowatt-hours per
day for each test period shall be the energy
expended during the test period as specified
in section 4.1 adjusted to a 24 hour period.

The adjustment shall be determined as fol-
lows:

5.2.1.1 Nonautomatic and automatic de-
frost models. The energy consumption in kil-
owatt-hours per day shall be calculated
equivalent to:

ET=(EPx1440x K)/T where

ET=test cycle energy expended in kilowatt-
hours per day,

EP=energy expended in kilowatt-hours dur-
ing the test period.

T=length of time of the test period in min-
utes,

1440=conversion factor to adjust to a 24 hour
period in minutes per day, and

K=correction factor of 0.7 for chest freezers
and 0.85 for upright freezers to adjust for
average household usage, dimensionless.

5.2.1.2 Long-time Automatic Defrost. If
the two part test method is used, the energy
consumption in kilowatt-hours per day shall
be calculated equivalent to:

ET=(1440x Kx EP1/T1) + ((EP2— (EP1x T2/T1))x
Kx12/CT)

where

ET, 1440, and K are defined in 5.2.1.1

EPl=energy expended in Kilowatt-hours dur-
ing the first part of the test.

EP2=energy expended in Kilowatt-hours dur-
ing the second part of the test,

CT=Defrost timer run time in hours required
to cause it to go through a complete cycle,
to the nearest tenth hour per cycle,

12=conversion factor to adjust for a 50% run
time of the compressor in hours per day,
and

T1 and T2=length of time in minutes of the
first and second test parts respectively.

5.2.1.3 Variable defrost control. The energy

consumption in Kilowatt-hours per day shall
be calculated equivalent to:

ET=(1440 x EP1/T1) + (EP2 — (EP1 x T2/T1) x
(12/CT) where 1440 is defined in 5.2.1.1 and
EP1, EP2, T1, T2 and 12 are defined in
5.2.1.2.

CT=(CTLXCTMm)/(Fx (CTm — CTyL) + CTy)
where:

CT_=least or shortest time between defrost
in tenths of an hour (greater than or equal

10 CFR Ch. Il (1-1-05 Edition)

to 6 hours but less than or equal to 12
hours, 6 < <£12)

CTum=maximum time between defrost cycles
in tenths of an hour (greater than CT, but
not more than 96 hours, CT <CTy <96)

F=ratio of per day energy consumption in ex-
cess of the least energy and the maximum
difference in per day energy consumption
and is equal to

F=(1/CT - UCTwm)/(L/ICT. — 1/ICTm) = (ET —
ETL)/(ETm — ETL) or 0.20 in lieu of testing
to find CT

ET,=least electrical
kilowatt hours

ETm=maximum electrical energy consumed,
in kilowatt hours

energy consumed, in

For demand defrost models with no values
for CT. and CTy in the algorithm the default

values of 12 and 84 shall be used, respec-
tively.
5.2.1.4 Variable defrost control optional

test. Perform the optional test for variable
defrost control models to find CT.

CT=MTBD x0.5

MTBD=mean time between defrost

MTBD = Z—X
N

X=time between defrost cycles
N=number of defrost cycles

5.3 Volume measurements. The total re-
frigerated volume, VT, shall be measured in
accordance with HRF-1-1979, section 3.20 and
section 5.1 through 5.3.

6. Calculation of Derived Results From Test
Measurements.

6.1 Adjusted Total Volume. The adjusted

total volume, VA, for freezers under test
shall be defined as:

VA=VTx CF

where

VA=adjusted total volume in cubic feet,

VT=total refrigerated volume in cubic feet,
and

CF=Correction factor of 1.73, dimensionless.

6.2 Average Per Cycle Energy Consump-
tion:

6.2.1 The average per-cycle energy con-
sumption for a cycle type is expressed in Kil-
owatt-hours per cycle to the nearest one
hundredth (0.01) kilowatt-hour and shall de-
pend upon the compartment temperature at-
tainable as shown below.

6.2.1.1 If the compartment temperature is
always below 0.0 °F. (—17.8 °C.), the average
per-cycle energy consumption shall be equiv-
alent to:

E=ET1

where
E=Total per-cycle energy consumption in
kilowatt-hours per day.
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ET is defined in 5.2.1, and

Number 1 indicates the test period during
which the highest compartment tempera-
ture is measured.
6.2.1.2 If one of the compartment tempera-

tures measured for a test period is greater

than 0.0 °F. (17.8 °C.), the average per-cycle
energy consumption shall be equivalent to:

E=ET1+((ET2- ET1)x(0.0— TF1)/(TF2-TF1))

where

E is defined in 6.2.1.1

ET is defined in 5.2.1

TF=compartment temperature determined
according to 5.1.2 in degrees F.

Numbers 1 and 2 indicate measurements
taken during the first and second test pe-
riod as appropriate, and

0.0=Standardized compartment temperature
in degrees F.

[47 FR 34528, Aug. 10, 1982; 48 FR 13013, Mar.
29, 1983, as amended at 54 FR 36241, Aug. 31,
1989; 54 FR 38788, Sept. 20, 1989]

APPENDIX C TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF DISHWASHERS

The provisions of this Appendix C shall
apply to products manufactured after Sep-
tember 29, 2003. The restriction on represen-
tations concerning energy use or efficiency
in 42 U.S.C. 6293(c)(2) shall apply on February
25, 2004.

1. Definitions

1.1 AHAM means the Association of Home
Appliance Manufacturers.

1.2 Compact dishwasher means a dish-
washer that has a capacity of less than eight
place settings plus six serving pieces as spec-
ified in ANSI/AHAM DW-1 (see §430.22), using
the test load specified in section 2.7 of this
Appendix.

1.3 Cycle means a sequence of operations
of a dishwasher which performs a complete
dishwashing function, and may include vari-
ations or combinations of washing, rinsing,
and drying.

1.4 Cycle type means any complete se-
quence of operations capable of being preset
on the dishwasher prior to the initiation of
machine operation.

1.5 Non-soil-sensing dishwasher means a
dishwasher that does not have the ability to
adjust automatically any energy consuming
aspect of a wash cycle based on the soil load
of the dishes.

1.6 Normal cycle means the cycle type rec-
ommended by the manufacturer for com-
pletely washing a full load of normally soiled
dishes including the power-dry feature.

1.7 Power-dry feature means the introduc-
tion of electrically generated heat into the
washing chamber for the purpose of improv-
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ing the drying performance of the dish-
washer.

1.8 Preconditioning cycle means any cycle
that includes a fill, circulation, and drain to
ensure that the water lines and sump area of
the pump are primed.

1.9 Sensor heavy response means, for stand-
ard dishwashers, the set of operations in a
soil-sensing dishwasher for completely wash-
ing a load of dishes, four place settings of
which are soiled according to ANSI/AHAM
DW-1 (Incorporated by reference, see §430.22).
For compact dishwashers, this definition is
the same, except that two soiled place set-
tings are used instead of four.

1.10 Sensor light response means, for both
standard and compact dishwashers, the set of
operations in a soil-sensing dishwasher for
completely washing a load of dishes, one
place setting of which is soiled with half of
the gram weight of soils for each item speci-
fied in a single place setting according to
ANSI/AHAM DW-1 (Incorporated by ref-
erence, see §430.22).

1.11 Sensor medium response means, for
standard dishwashers, the set of operations
in a soil-sensing dishwasher for completely
washing a load of dishes, two place settings
of which are soiled according to ANSI/AHAM
DW-1 (Incorporated by reference, see §430.22).
For compact dishwashers, this definition is
the same, except that one soiled place set-
ting is used instead of two.

1.12 Soil-sensing dishwasher means a dish-
washer that has the ability to adjust any en-
ergy consuming aspect of a wash cycle based
on the soil load of the dishes.

1.13 Standard dishwasher means a dish-
washer that has a capacity equal to or great-
er than eight place settings plus six serving
pieces as specified in ANSI/AHAM DW-1 (In-
corporated by reference, see §430.22), using
the test load specified in section 2.7 of this
Appendix.

1.14 Standby mode means the lowest power
consumption mode which cannot be switched
off or influenced by the user and that may
persist for an indefinite time when the dish-
washer is connected to the main electricity
supply and used in accordance with the man-
ufacturer’s instructions.

1.15 Truncated normal cycle means the nor-
mal cycle interrupted to eliminate the
power-dry feature after the termination of
the last rinse operation.

1.16 Truncated sensor heavy response means
the sensor heavy response interrupted to
eliminate the power-dry feature after the
termination of the last rinse operation.

1.17 Truncated sensor light response means
the sensor light response interrupted to
eliminate the power-dry feature after the
termination of the last rinse operation.

1.18 Truncated sensor medium response
means the sensor medium response inter-
rupted to eliminate the power-dry feature
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after the termination of the last rinse oper-
ation.

1.19 Water-heating dishwasher means a
dishwasher which, as recommended by the
manufacturer, is designed for heating cold
inlet water (nominal 50 °F) or designed for
heating water with a nominal inlet tempera-
ture of 120 °F. Any dishwasher designated as
water-heating (50 °F or 120 °F inlet water)
must provide internal water heating to
above 120 °F in at least one wash phase of the
normal cycle.

2. Testing conditions:

2.1 Installation Requirements. Install the
dishwasher according to the manufacturer’s
instructions. A standard or compact under-
counter or under-sink dishwasher must be
tested in a rectangular enclosure con-
structed of nominal 0.374 inch (9.5 mm) ply-
wood painted black. The enclosure must con-
sist of a top, a bottom, a back, and two sides.
If the dishwasher includes a counter top as
part of the appliance, omit the top of the en-
closure. Bring the enclosure into the closest
contact with the appliance that the configu-
ration of the dishwasher will allow.

2.2 Electrical energy supply.

2.2.1 Dishwashers that operate with an elec-
trical supply of 115 volts. Maintain the elec-
trical supply to the dishwasher at 115 volts +
2 percent and within 1 percent of the name-
plate frequency as specified by the manufac-
turer.

2.2.2 Dishwashers that operate with an elec-
trical supply of 240 volts. Maintain the elec-
trical supply to the dishwasher at 240 volts +
2 percent and within 1 percent of its name-
plate frequency as specified by the manufac-
turer.

2.3 Water temperature. Measure the tem-
perature of the water supplied to the dish-
washer using a temperature measuring de-
vice as specified in section 3.1 of this Appen-
dix.

2.3.1 Dishwashers to be tested at a nominal
140 °F inlet water temperature. Maintain the
water supply temperature at 140° + 2 °F.

2.3.2 Dishwashers to be tested at a nominal
120 °F inlet water temperature. Maintain the
water supply temperature at 120° £ 2 °F.

2.3.3 Dishwashers to be tested at a nominal
50 °F inlet water temperature. Maintain the
water supply temperature at 50° £ 2 °F.

2.4 Water pressure. Using a water pressure
gauge as specified in section 3.4 of this Ap-
pendix, maintain the pressure of the water
supply at 35 + 2.5 pounds per square inch
gauge (psig) when the water is flowing.

2.5 Ambient and machine temperature. Using
a temperature measuring device as specified
in section 3.1 of this Appendix, maintain the
room ambient air temperature at 75° £ 5 °F,
and ensure that the dishwasher and the test
load are at room ambient temperature at the
start of each test cycle.

2.6 Test Cycle and Load.
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2.6.1 Non-soil-sensing dishwashers to be test-
ed at a nominal inlet temperature of 140 °F.
These units must be tested on the normal
cycle and truncated normal cycle without a
test load if the dishwasher does not heat
water in the normal cycle.

2.6.2 Non-soil-sensing dishwashers to be test-
ed at a nominal inlet temperature of 50 °F or 120
°F. These units must be tested on the normal
cycle with a clean load of eight place set-
tings plus six serving pieces, as specified in
section 2.7 of this Appendix. If the capacity
of the dishwasher, as stated by the manufac-
turer, is less than eight place settings, then
the test load must be the stated capacity.

2.6.3 Soil-sensing dishwashers to be tested at
a nominal inlet temperature of 50 °F, 120 °F, or
140 °F. These units must be tested first for
the sensor heavy response, then tested for
the sensor medium response, and finally for
the sensor light response with the following
combinations of soiled and clean test loads.

2.6.3.1 For tests of the sensor heavy re-
sponse, as defined in section 1.9 of this Ap-
pendix:

(A) For standard dishwashers, the test unit
is to be loaded with a total of eight place set-
tings plus six serving pieces as specified in
section 2.7 of this Appendix. Four of the
eight place settings must be soiled according
to ANSI/AHAM DW-1 (Incorporated by ref-
erence, see §430.22) while the remaining place
settings, serving pieces, and all flatware are
not soiled.

(B) For compact dishwashers, the test unit
is to be loaded with four place settings plus
six serving pieces as specified in section 2.7
of this Appendix. Two of the four place set-
tings must be soiled according to ANSI/
AHAM DW-1 (Incorporated by reference, see
§430.22) while the remaining place settings,
serving pieces, and all flatware are not
soiled.

2.6.3.2 For tests of the sensor medium re-
sponse, as defined in section 1.11 of this Ap-
pendix:

(A) For standard dishwashers, the test unit
is to be loaded with a total of eight place set-
tings plus six serving pieces as specified in
section 2.7 of this Appendix. Two of the eight
place settings must be soiled according to
ANSI/AHAM DW-1 (Incorporated by ref-
erence, see §430.22) while the remaining place
settings, serving pieces, and all flatware are
not soiled.

(B) For compact dishwashers, the test unit
is to be loaded with four place settings plus
six serving pieces as specified in section 2.7
of this Appendix. One of the four place set-
tings must be soiled according to ANSI/
AHAM DW-1 (Incorporated by reference, see
§430.22) while the remaining place settings,
serving pieces and all flatware are not soiled.

2.6.3.3 For tests of the sensor light re-
sponse, as defined in section 1.10 of this Ap-
pendix:
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(A) For standard dishwashers, the test unit
is to be loaded with a total of eight place set-
tings plus six serving pieces as specified in
section 2.7 of this Appendix. One of the eight
place settings must be soiled with half of the
soil load specified for a single place setting
according to ANSI/AHAM DW-1 (Incor-
porated by reference, see §430.22) while the
remaining place settings, serving pieces, and
all flatware are not soiled.
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(B) For compact dishwashers, the test unit
is to be loaded with four place settings plus
six serving pieces as specified in section 2.7
of this Appendix. One of the four place set-
tings must be soiled with half of the soil load
specified for a single place setting according
to the ANSI/AHAM DW-1 (Incorporated by
reference, see §430.22) while the remaining
place settings, serving pieces, and all flat-
ware are not soiled.

2.7 Test Load.

Dlsr}\llgta\;/ea/?elanssxare/ Primary source Description Primary No. Alternate source s’g‘l}?gga&%'
Dinner Plate ................ Corning Comcor®/ 10 inch Dinner Plate ... | 6003893
Corelle®.
Bread and Butter Plate | Corning Comcor®/ 6.75 inch Bread & But- | 6003887 Arzberg ............... 8500217100
Corelle®. ter.
Fruit Bowl ......cccccoveenes Corning Comcor®/ 10 oz. Dessert Bowl ... | 6003899 Arzberg ....cceeeen 3820513100
Corelle®.
CUp o Corning Comcor®/ 8 oz. Ceramic Cup ..... 6014162 Arzberg ............... 3824732100
Corelle®.
Saucer .......cceeeicieienne Corning Comcor®/ 6 inch Saucer ............. 6010972 Arzberg ............... 3824731100
Corelle®.
Serving Bowl ............... Corning Comcor®/ 1 gt. Serving Bowl ...... 6003911
Corelle®.
Platter ...l Corning Comcor®/ 9.5 inch Oval Platter ... | 6011655
Corelle®.
Glass-Iced Tea ........... Libbey ..o | 551 HT
Flatware—Knife .......... Oneida®—Accent 2619KPVF
Flatware—Dinner Fork | Oneida®—Accent . 2619FRSF
Flatware—Salad Fork | Oneida®—Accent . 2619FSLF
Flatware—Teaspoon ... | Oneida®—Accent . 2619STSF
Flatware—Serving Oneida®—Flight .. 2865FCM
Fork.
Flatware—Serving Oneida®—ACCeNt ....... | cocoerveeeeeiieineeceees 2619STBF
Spoon.

2.8 Detergent. Use half the quantity of de-
tergent specified according to ANSI/AHAM
DW-1 (Incorporated by reference, see §430.22).

2.9 Testing requirements. Provisions in this
Appendix pertaining to dishwashers that op-
erate with a nominal inlet temperature of 50
°F or 120 °F apply only to water-heating dish-
washers as defined in section 1.19 of this Ap-
pendix.

2.10 Preconditioning  requirements. Pre-
condition the dishwasher by establishing the
testing conditions set forth in sections 2.1
through 2.5 of this Appendix. Set the dish-
washer to the preconditioning cycle as de-
fined in section 1.8 of this Appendix, without
using a test load, and initiate the cycle.

3. Instrumentation

Test instruments must be calibrated annu-
ally.

3.1 Temperature measuring device. The de-
vice must have an error no greater than + 1
°F over the range being measured.

3.2 Timer. Time measurements for each
monitoring period shall be accurate to with-
in 2 seconds.

3.3 Water meter. The water meter must
have a resolution of no larger than 0.1 gal-
lons and a maximum error no greater than *

1.5 percent of the measured flow rate for all
water temperatures encountered in the test
cycle.

3.4 Water pressure gauge. The water pres-
sure gauge must have a resolution of one
pound per square inch (psi) and must have an
error no greater than 5 percent of any meas-
ured value over the range of 35 + 2.5 psig.

3.5 Watt-hour meter. The watt-hour meter
must have a resolution of 1 watt-hour or less
and a maximum error of no more than 1 per-
cent of the measured value for any demand
greater than 50 watts.

3.6 Standby wattmeter. The standby
wattmeter must have a resolution of 0.1 watt
or less, a maximum error of no more than 1
percent of the measured value, and must be
capable of operating within the stated toler-
ances for input voltages up to 5 percent total
harmonic distortion. The standby wattmeter
must be capable of operating at frequencies
from 47 hertz through 63 hertz. Power meas-
urements must have a crest factor of 3 or
more at currents of 2 amps RMS or less.

3.7 Standby watt-hour meter. The standby
watt-hour meter must meet all the require-
ments of the standby wattmeter and must
accumulate watt-hours at a minimum power
level of 20 milliwatts.
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4. Test Cycle and Measurements

4.1 Test cycle. Perform a test cycle by es-
tablishing the testing conditions set forth in
section 2 of this Appendix, setting the dish-
washer to the cycle type to be tested, initi-
ating the cycle, and allowing the cycle to
proceed to completion.

4.2 Machine electrical energy consumption.
Measure the machine electrical energy con-
sumption, M, expressed as the number of kil-
owatt-hours of electricity consumed by the
machine during the entire test cycle, using a
water supply temperature as set forth in sec-
tion 2.3 of this Appendix and using a watt-
hour meter as specified in section 3.5 of this
Appendix.

4.3 Water consumption. Measure the water
consumption, V, expressed as the number of
gallons of water delivered to the machine
during the entire test cycle, using a water
meter as specified in section 3.3 of this Ap-
pendix.

4.4 Standby power. Connect the dishwasher
to a standby wattmeter or a standby watt-
hour meter as specified in sections 3.6 and
3.7, respectively, of this Appendix. Select the
conditions necessary to achieve operation in
the standby mode as defined in section 1.14 of
this Appendix. Monitor the power consump-
tion but allow the dishwasher to stabilize for
at least 5 minutes. Then monitor the power
consumption for at least an additional 5 min-
utes. If the power level does not change by
more than 5 percent from the maximum ob-
served value during the later 5 minutes and
there is no cyclic or pulsing behavior of the
load, the load can be considered stable. For
stable operation, standby power, S,,, can be
recorded directly from the standby watt
meter in watts or accumulated using the
standby watt-hour meter over a period of at
least 5 minutes. For unstable operation, the
energy must be accumulated using the
standby watt-hour meter over a period of at
least 5 minutes and must capture the energy
use over one or more complete cycles. Cal-
culate the average standby power, S., ex-
pressed in watts by dividing the accumulated
energy consumption by the duration of the
measurement period.

5. Calculation of Derived Results From Test
Measurements

5.1 Machine energy consumption.

5.1.1 Machine energy consumption for non-
soil-sensing electric dishwashers. Take the
value recorded in section 4.2 of this Appendix
as the per-cycle machine electrical energy
consumption. Express the value, M, in kilo-
watt-hours per cycle.

5.1.2 Machine energy consumption for soil-
sensing electric dishwashers. The machine en-
ergy consumption for the sensor normal
cycle, M, is defined as:

M = (MupxFhr) + (MinexFr) + (MiexFy)
where,
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M. = the value recorded in section 4.2 of this
Appendix for the test of the sensor heavy
response, expressed in Kkilowatt-hours per
cycle,

M = the value recorded in section 4.2 of this
Appendix for the test of the sensor medium
response, expressed in kilowatt-hours per
cycle,

M. = the value recorded in section 4.2 of this
Appendix for the test of the sensor light re-
sponse, expressed in kilowatt-hours per
cycle,

Fn: = the weighting factor based on consumer
use of heavy response = 0.05,

Fn = the weighting factor based on con-
sumer use of medium response = 0.33,

Fi. = the weighting factor based on consumer
use of light response = 0.62.

5.2 Drying energy.

5.2.1 Drying energy consumption for non-
soil-sensing electric dishwashers. Calculate the
amount of energy consumed using the power-
dry feature after the termination of the last
rinse option of the normal cycle. Express the
value, Ep, in kilowatt-hours per cycle.

5.2.2 Drying energy consumption for soil-
sensing electric dishwashers. The drying en-
ergy consumption, Ep, for the sensor normal
cycle is defined as:

Ep = (Epnr + Epmr + Epir)/3

Where,

Epn: = energy consumed using the power-dry
feature after the termination of the last
rinse option of the sensor heavy response,
expressed in kilowatt-hours per cycle,

Epmr = €nergy consumed using the power-dry
feature after the termination of the last
rinse option of the sensor medium re-
sponse, expressed in Kkilowatt-hours per
cycle,

Epir = energy consumed using the power-dry
feature after the termination of the last
rinse option of the sensor light response,
expressed in kilowatt-hours per cycle.

5.3 Water consumption.

5.3.1 Water consumption for non-soil-sensing
dishwashers using electrically heated, gas-heat-
ed, or oil-heated water.

Take the value recorded in section 4.3 of
this Appendix as the per-cycle water energy
consumption. Express the value, V, in gal-
lons per cycle.

5.3.2 Water consumption for soil-sensing
dishwashers using electrically heated, gas-heat-
ed, or oil-heated water.

The water consumption for the sensor nor-
mal cycle, V, is defined as:

V = (ViuxFn) + (ViXFm) + (VixFy)

Where,

Vi = the value recorded in section 4.3 of this
Appendix for the test of the sensor heavy
response, expressed in gallons per cycle,

Vm: = the value recorded in section 4.3 of this
Appendix for the test of the sensor medium
response, expressed in gallons per cycle,
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V. = the value recorded in section 4.3 of this
Appendix for the test of the sensor light re-
sponse, expressed in gallons per cycle,

Fn: = the weighting factor based on consumer
use of heavy response = 0.05,

Fme = the weighting factor based on con-
sumer use of medium response = 0.33,

Fi. = the weighting factor based on consumer
use of light response = 0.62.

5.4 Water energy consumption for non-soil-
sensing or soil-sensing dishwashers using elec-
trically heated water.

5.4.1 Dishwashers that operate with a nomi-
nal 140 °F inlet water temperature, only. For
the normal and truncated normal test cycle,
calculate the water energy consumption, W,
expressed in kilowatt-hours per cycle and de-
fined as:

W = VXTxK
Where,

V = water consumption in gallons per cycle,
as determined in section 5.3.1 of this Ap-
pendix,

T = nominal water heater temperature rise =
90 °F,

K = specific heat of water in kilowatt-hours
per gallon per degree Fahrenheit = 0.0024.

5.4.2 Dishwashers that operate with a nomi-
nal inlet water temperature of 120 °F. For the
normal and truncated normal test cycle, cal-
culate the water energy consumption, W, ex-
pressed in kilowatt-hours per cycle and de-
fined as:

W = VXTxK
Where,

V = water consumption in gallons per cycle,
as determined in section 5.3.1 of this Ap-
pendix,

T = nominal water heater temperature rise =
70 °F,

K = specific heat of water in kilowatt-hours
per gallon per degree Fahrenheit = 0.0024.

5.5 Water energy consumption per cycle
using gas-heated or oil-heated water.

5.5.1 Dishwashers that operate with a nomi-
nal 140 °F inlet water temperature, only.

For each test cycle, calculate the water en-
ergy consumption using gas-heated or oil-
heated water, W,, expressed in Btu’s per
cycle and defined as:

W, = VxTxCle

Where,

V = reported water consumption in gallons
per cycle, as determined in section 5.3.2 of
this Appendix,

T = nominal water heater temperature rise =
90 °F,

C = specific heat of water in Btu’s per gallon
per degree Fahrenheit = 8.2,

e = nominal gas or oil water heater recovery
efficiency = 0.75.

5.5.2 Dishwashers that operate with a nomi
nal inlet water temperature of 120 °F. For each
test cycle, calculate the water energy con-
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sumption using gas heated or oil heated
water, W,, expressed in Btu’s per cycle and
defined as:

Wg = VxTxCle
Where,

V = reported water consumption in gallons
per cycle, as determined in section 5.3.2 of
this Appendix,

T = nominal water heater temperature rise =
70 °F,

C = specific heat of water in Btu’s per gallon
per degree Fahrenheit = 8.2,

e = nominal gas or oil water heater recovery
efficiency = 0.75.

5.6 Annual standby energy consumption.
Calculate the estimated annual standby en-
ergy consumption. First determine the num-
ber of standby hours per year, Hs, defined as:

Hs = H—(NxL).
Where,

H = the total number of hours per year = 8766
hours per year,

N = the representative average dishwasher
use of 215 cycles per year,

L = the average of the duration of the nor-
mal cycle and truncated normal cycle, for
non-soil-sensing dishwashers with a trun-
cated normal cycle; the duration of the
normal cycle, for non-soil-sensing dish-
washers without a truncated normal cycle;
the average duration of the sensor light re-
sponse, truncated sensor light response,
sensor medium response, truncated sensor
medium response, sensor heavy response,
and truncated sensor heavy response, for
soil-sensing dishwashers with a truncated
cycle option; the average duration of the
sensor light response, sensor medium re-
sponse, and sensor heavy response, for soil-
sensing dishwashers without a truncated
cycle option.

Then calculate the estimated annual
standby power use, S, expressed in kilowatt-
hours per year and defined as:

S = Sx((Hs)/1000)
Where,

Sn = the average standby power in watts as
determined in section 4.4 of this Appendix.

[68 FR 51900, Aug. 29, 2003]

APPENDIX D TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF CLOTHES DRYERS

1. Definitions

1.1 “AHAM” means the Association of
Home Appliance Manufacturers.

1.2 “Bone dry” means a condition of a
load of test clothes which has been dried in
a dryer at maximum temperature for a min-
imum of 10 minutes, removed and weighed
before cool down, and then dried again for 10-
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minute periods until the final weight change
of the load is 1 percent or less.

1.3 ““Compact” or compact size’” means a
clothes dryer with a drum capacity of less
than 4.4 cubic feet.

1.4 **Cool down’ means that portion of the
clothes drying cycle when the added gas or
electric heat is terminated and the clothes
continue to tumble and dry within the drum.

1.5 *“*Cycle’” means a sequence of operation
of a clothes dryer which performs a clothes
drying operation, and may include variations
or combinations of the functions of heating,
tumbling and drying.

1.6 ‘“‘Drum capacity’’ means the volume of
the drying drum in cubic feet.

1.7 **HLD-1" means the test standard pro-
mulgated by AHAM and titled “AHAM Per-
formance Evaluation Procedure for House-
hold Tumble Type Clothes Dryers’”, June
1974, and designated as HLD-1.

1.8 “HLD-2EC” means the test standard
promulgated by AHAM and titled “Test
Method for Measuring Energy Consumption
of Household Tumble Type Clothes Dryers,”
December 1975, and designated as HLD-2EC.

1.9 ‘‘Standard size’” means a clothes dryer
with a drum capacity of 4.4 cubic feet or
greater.

1.10 ““Moisture content’” means the ratio
of the weight of water contained by the test
load to the bone-dry weight of the test load,
expressed as a percent.

1.11 *“*Automatic termination control”
means a dryer control system with a sensor
which monitors either the dryer load tem-
perature or its moisture content and with a
controller which automatically terminates
the drying process. A mark or detent which
indicates a preferred automatic termination
control setting must be present if the dryer
is to be classified as having an ‘‘automatic
termination control.”” A mark is a visible
single control setting on one or more dryer
controls.

1.12 *“*Temperature sensing control”’
means a system which monitors dryer ex-
haust air temperature and automatically
terminates the dryer cycle.

1.13 “*Moisture sensing control’’ means a
system which utilizes a moisture sensing ele-
ment within the dryer drum that monitors
the amount of moisture in the clothes and
automatically terminates the dryer cycle.

2. Testing Conditions

2.1 Installation. Install the clothes dryer
in accordance with manufacturer’s instruc-
tions. The dryer exhaust shall be restricted
by adding the AHAM exhaust simulator de-
scribed in 3.3.5 of HLD-1. All external joints
should be taped to avoid air leakage. Dis-
connect all console light or other lighting
systems on the clothes dryer which do not
consume more than 10 watts during the
clothes dryer test cycle.
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2.2 Ambient temperature and humidity.
Maintain the room ambient air temperature
at 75 3 °F and the room relative humidity at
50+10 percent relative humidity.

2.3 Energy supply.

2.3.1 Electrical supply. Maintain the elec-
trical supply at the clothes dryer terminal
block within 1 percent of 120/240 or 120/208Y
or 120 volts as applicable to the particular
terminal block wiring system and within 1
percent of the nameplate frequency as speci-
fied by the manufacturer. If the dryer has a
dual voltage conversion capability, conduct
test at the highest voltage specified by the
manufacturer.

2.3.2 Gas supply.

2.3.2.1 Natural gas. Maintains the gas sup-
ply to the clothes dryer at a normal inlet
test pressure immediately ahead of all con-
trols at 7 to 10 inches of water column. If the
clothes dryer is equipped with a gas appli-
ance pressure regulator, the regulator outlet
pressure at the normal test pressure shall be
approximately that recommended by the
manufacturer. The hourly Btu rating of the
burner shall be maintained within 15 percent
of the rating specified by the manufacturer.
The natural gas supplied should have a heat-
ing value of approximately 1,025 Btu’s per
standard cubic foot. The actual heating
value, H,2, in Btu’s per standard cubic foot,
for the natural gas to be used in the test
shall be obtained either from measurements
made by the manufacturer conducting the
test using a standard continuous flow calo-
rimeter as described in 2.4.6 or by the pur-
chase of bottled natural gas whose Btu rat-
ing is certified to be at least as accurate a
rating as could be obtained from measure-
ments with a standard continuous flow calo-
rimeter as described in 2.4.6.

2.3.2.2 Propane gas. Maintain the gas sup-
ply to the clothes dryer at a normal inlet
test pressure immediately ahead of all con-
trols at 11 to 13 inches of water column. If
the clothes dryer is equipped with a gas ap-
pliance pressure regulator, the regulator
outlet pressure at the normal test pressure
shall be approximately that recommended by
the manufacturer. The hourly Btu rating of
the burner shall be maintained within £5 per-
cent of the rating specified by the manufac-
turer. The propane gas supplied should have
a heating value of approximately 2,500 Btu’s
per standard cubic foot. The actual heating
value, H,, in Btu’s per standard cubic foot,
for the propane gas to be used in the test
shall be obtained either from measurements
made by the manufacturer conducting the
test using a standard continuous flow calo-
rimeter as described in 2.4.6 or by the pur-
chase of bottled gas whose Btu rating is cer-
tified to be at least as accurate a rating as
could be obtained from measurement with a
standard continuous calorimeter as de-
scribed in 2.4.6.
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2.4 Instrumentation. Perform all test meas-
urements using the following instruments as
appropriate.

2.4.1 Weighing scale for test cloth. The scale
shall have a range of 0 to a maximum of 30
pounds with a resolution of at least 0.2
ounces and a maximum error no greater than
0.3 percent of any measured value within the
range of 3 to 15 pounds.

2.4.1.2 Weighing scale for drum capacity
measurements. The scale should have a range
of 0 to a maximum of 500 pounds with resolu-
tion of 0.50 pounds and a maximum error no
greater than 0.5 percent of the measured
value.

2.4.2 Kilowatt-hour meter. The Kkilowatt-
hour meter shall have a resolution of 0.001
kilowatt-hours and a maximum error no
greater than 0.5 percent of the measured
value.

2.4.3 Gas meter. The gas meter shall have a
resolution of 0.001 cubic feet and a maximum
error no greater than 0.5 percent of the
measured value.

2.4.4 Dry and wet bulb psychrometer. The
dry and wet bulb psychrometer shall have an
error no greater than #1 °F.

2.4.5 Temperature. The temperature sensor
shall have an error no greater than +1 °F.

2.4.6 Standard Continuous Flow Calorimeter.
The Calorimeter shall have an operating
range of 750 to 3,500 Btu per cubic feet. The
maximum error of the basic calorimeter
shall be no greater than 0.2 percent of the ac-
tual heating value of the gas used in the
test. The indicator readout shall have a max-
imum error no greater than 0.5 percent of
the measured value within the operating
range and a resolution of 0.2 percent of the
full scale reading of the indicator instru-
ment.

2.5 Lint trap. Clean the lint trap thor-
oughly before each test run.

2.6 Test cloths.

2.6.1 Energy test cloth. The energy test
cloth shall be clean and consist of the fol-
lowing:

(a) Pure finished bleached cloth, made with
a momie or granite weave, which is a blended
fabric of 50 percent cotton and 50 percent
polyester and weighs within +10 percent of
5.75 ounces per square yard after test cloth
preconditioning and has 65 ends on the warp
and 57 picks on the fill. The individual warp
and fill yarns are a blend of 50 percent cotton
and 50 percent polyester fibers.

(b) Cloth material that is 24 inches by 36
inches and has been hemmed to 22 inches by
34 inches before washing. The maximum
shrinkage after five washes shall not be more
than four percent on the length and width.

(¢) The number of test runs on the same
energy test cloth shall not exceed 25 runs.

2.6.2 Energy stuffer cloths. The energy
stuffer cloths shall be made from energy test
cloth material and shall consist of pieces of
material that are 12 inches by 12 inches and
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have been hemmed to 10 inches by 10 inches
before washing. The maximum shrinkage
after five washes shall not be more than four
percent on the length and width. The number
of test runs on the same energy stuffer cloth
shall not exceed 25 runs after test cloth pre-
conditioning.

2.6.3 Test Cloth Preconditioning.

A new test cloth load and energy stuffer
cloths shall be treated as follows:

(1) Bone dry the load to a weight change of
+1 percent, or less, as prescribed in Section
1.2.

(2) Place test cloth load in a standard
clothes washer set at the maximum water
fill level. Wash the load for 10 minutes in
soft water (17 parts per million hardness or
less), using 6.0 grams of AHAM Standard
Test Detergent, IIA, per gallon of water.
Wash water temperature is to controlled at
140°4#5 °F (60°+2.7 °C). Rinse water tempera-
ture is to be controlled at 100°t5 °F (37.7+2.7
°C).

(3) Rinse the load again at the same water
temperature.

(4) Bone dry the load as prescribed in Sec-
tion 1.2 and weigh the load.

(5) This procedure is repeated until there is
a weight change of one percent or less.

(6) A final cycle is to be a hot water wash
with no detergent, followed by two warm
water rinses.

2.7 Test loads.

2.7.1 Compact size dryer load. Prepare a
bone-dry test load of energy cloths which
weighs 3.00 pounds *.03 pounds. Adjustments
to the test load to achieve the proper weight
can be made by the use of energy stuffer
cloths, with no more than five stuffer cloths
per load. Dampen the load by agitating it in
water whose temperature is 100° +5 °F and
consists of 0 to 17 parts per million hardness
for approximately two minutes in order to
saturate the fabric. Then, extract water from
the wet test load by spinning the load until
the moisture content of the load is between
66.5 percent to 73.5 percent of the bone-dry
weight of the test load.

2.7.2 Standard size dryer load. Prepare a
bone-dry test load of energy cloths which
weighs 7.00 pounds £.07 pounds. Adjustments
to the test load to achieve the proper weight
can be made by the use of energy stuffer
cloths, with no more than five stuffer cloths
per load. Dampen the load by agitating it in
water whose temperature is 100° +5 °F and
consists of 0 to 17 parts per million hardness
for approximately two minutes in order to
saturate the fabric. Then, extract water from
the wet test load by spinning the load until
the moisture content of the load is between
66.5 percent to 73.5 percent of the bone-dry
weight of the test load.

2.7.3 Method of loading. Load the energy
test cloths by grasping them in the center,
shaking them to hang loosely and then drop-
ping them in the dryer at random.
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2.8 Clothes dryer preconditioning. Before
any test cycle, operate the dryer without a
test load in the non-heat mode for 15 min-
utes or until the discharge air temperature
is varying less than 1 °F for 10 minutes,
which ever is longer, in the test installation
location with the ambient conditions within
the specified rest condition tolerances of 2.2.

3. Test Procedures and Measurements

3.1 Drum capacity. Measure the drum ca-
pacity by sealing all openings in the drum
except the loading port with a plastic bag,
and ensure that all corners and depressions
are filled and that there are no extrusions of
the plastic bag through the opening in the
drum. Support the dryer’s rear drum surface
on a platform scale to prevent deflection of
the dryer, and record the weight of the
empty dryer. Fill the drum with water to a
level determined by the intersection of the
door plane and the loading port. Record the
temperature of the water and then the
weight of the dryer with the added water and
then determine the mass of the water in
pounds. Add or subtract the appropriate vol-
ume depending on whether or not the plastic
bag protrudes into the drum interior. The
drum capacity is calculated as follows:

C=w/d

C= capacity in cubic feet.

w= weight of water in pounds.

d= density of water at the measured tem-

perature in pounds per cubic feet.

3.2 Dryer loading. Load the dryer as speci-
fied in 2.7.

3.3 Test cycle. Operate the clothes dryer at
the maximum temperature setting and, if
equipped with a timer, at the maximum time
setting and dry the test load until the mois-
ture content of the test load is between 2.5
percent to 5.0 percent of the bone-dry weight
of the test load, but do not permit the dryer
to advance into cool down. If required, reset
the timer or automatic dry control.

3.4 Data recording. Record for each test
cycle:

3.4.1 Bone-dry weight of the test load de-
scribed in 2.7.

3.4.2 Moisture content of the wet test load
before the test, as described in 2.7.

3.4.3 Moisture content of the dry test load
obtained after the test described in 3.3.

3.4.4 Test room conditions, temperature
and percent relative humidity described in
2.2.

3.4.5 For electric dryers—the total kilo-
watt-hours of electric energy, E;, consumed
during the test described in 3.3.

3.4.6 For gas dryers:

3.4.6.1 Total kilowatt-hours of electrical
energy, E., consumed during the test de-
scribed in 3.3.

3.4.6.2 Cubic feet of gas per cycle, E, con-
sumed during the test described in 3.3.
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3.4.6.3 On gas dryers using a continuously
burning pilot light—the cubic feet of gas,
E,., consumed by the gas pilot light in one
hour.

3.4.6.4 Correct the gas heating value, GEF,
as measured in 2.3.2.1 and 2.3.2.2, to standard
pressure and temperature conditions in ac-
cordance with U.S. Bureau of Standards, cir-
cular C417, 1938. A sample calculation is il-
lustrated in Appendix E of HLD-1.

3.5 Test for automatic termination field use
factor credits. Credit for automatic termi-
nation can be claimed for those dryers which
meet the requirements for either tempera-
ture-sensing control, 1.12, or moisture sens-
ing control, 1.13, and having present the ap-
propriate mark or detent feed defined in 1.11.

4. Calculation of Derived Results From Test
Measurements

4.1 Total per-cycle electric dryer energy con-
sumption. Calculate the total electric dryer
energy consumption per cycle, E.. expressed
in Kilowatt-hours per cycle and defined as:
Ece=[66/Wy — Wa) IXEr:xFU

E(=the energy recorded in 3.4.5.

66=an experimentally established value for

the percent reduction in the moisture
content of the test load during a labora-
tory test cycle expressed as a percent.
FU=Field use factor.
=1.18 for time termination control sys-
tems.
=1.04 for automatic control systems
which meet the requirements of the defi-
nitions for automatic termination con-
trols in 1.11.1, 1.12 and 1.13.

W,=the moisture content of the wet test
load as recorded in 3.4.2.

Ws=the moisture content of the dry test
load as recorded in 3.4.3.

4.2 Per-cycle gas dryer electrical energy con-
sumption. Calculate the gas dryer electrical
energy consumption per cycle, E,., expressed
in kilowatt-hours per cycle and defined as:
EGE=[66/(Ww — Wq)]XEtexFU

ETE=the energy recorded in 3.4.6.1
FU, 66, W,y, Wy as defined in 4.1

4.3 Per-cycle gas dryer gas energy consump-
tion. Calculate the gas dryer gas energy con-
sumption per cycle, Eg. expressed in Btu’s
per cycle as defined as:

EGG=[66/(Ww —Wa)]XEgxFUXGEF

ETG=the energy recorded in 3.4.6.2

GEF=corrected gas heat value (Btu per

cubic feet) as defined in 3.4.6.4

FU, 66, W\, Wq as defined in 4.1

4.4 Per-cycle gas dryer continuously burning
pilot light gas energy consumption. Calculate
the gas dryer continuously burning pilot
light gas energy consumption per cycle, Eyp
expressed in Btu’s per cycle and defined as:
Eup=Epgx(8760 — 140/416)xGEF

Epg=the energy recorded in 3.4.6.3

8760=number of hours in a year
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416=representative average number of
clothes dryer cycles in a year
l40=estimated number of hours that the
continuously burning pilot light is on
during the operation of the clothes dryer
for the representative average use cycle
for clothes dryers (416 cycles per year)
GEF as defined in 4.3
4.5 Total per-cycle gas dryer gas energy con-
sumption expressed in Btu’s. Calculate the
total gas dryer energy consumption per
cycle, Eg, expressed in Btu’s per cycle and de-
fined as:
Eg=Egg+Eup
Egg as defined in 4.3
Eup as defined in 4.4
4.6 Total per-cycle gas dryer energy con-
sumption expressed in kilowatt-hours. Cal-
culate the total gas dryer energy consump-
tion per cycle, E, expressed in kilowatt-
hours per cycle and defined as:
Ecg=Eget(Eg/3412 Btu/k Wh)
Ege as defined in 4.2
Eg as defined in 4.5

[46 FR 27326, May 19, 1981]

APPENDIX E TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF WATER HEATERS

1. Definitions

1.1 Cut-in means the time when or water
temperature at which a water heater control
or thermostat acts to increase the energy or
fuel input to the heating elements, com-
pressor, or burner.

1.2 Cut-out means the time when or water
temperature at which a water heater control
or thermostat acts to reduce to a minimum
the energy or fuel input to the heating ele-
ments, compressor, or burner.

1.3 Design Power Rating means the nomi-
nal power rating that a water heater manu-
facturer assigns to a particular design of
water heater, expressed in kilowatts or Btu
(kJ) per hour as appropriate.

1.4 Energy Factor means a measure of
water heater overall efficiency.

1.5 First-Hour Rating means an estimate of
the maximum volume of ‘“*hot’” water that a
storage-type water heater can supply within
an hour that begins with the water heater
fully heated (i.e., with all thermostats satis-
fied). It is a function of both the storage vol-
ume and the recovery rate.

1.6 Heat Trap means a device which can be
integrally connected or independently at-
tached to the hot and/or cold water pipe con-
nections of a water heater such that the de-
vice will develop a thermal or mechanical
seal to minimize the recirculation of water
due to thermal convection between the water
heater tank and its connecting pipes.

1.7 Instantaneous Water Heaters
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1.7.1 Electric Instantaneous Water Heater
Reserved.
1.7.2 Gas Instantaneous Water Heater

means a water heater that uses gas as the
energy source, initiates heating based on
sensing water flow, is designed to deliver
water at a controlled temperature of less
than 180 °F (82 °C), has an input greater than
50,000 Btu/h (53 MJ/h) but less than 200,000
Btu/h (210 MJ/h), and has a manufacturer’s
specified storage capacity of less than 2 gal-
lons (7.6 liters). The unit may use a fixed or
variable burner input.

1.8 Maximum gpm (L/min) Rating means the
maximum gallons per minute (liters per
minute) of hot water that can be supplied by
an instantaneous water heater while main-
taining a nominal temperature rise of 77 °F
(42.8 °C) during steady state operation.

1.9 Rated Storage Volume means the water
storage capacity of a water heater, in gallons
(liters), as specified by the manufacturer.

1.10 Recovery Efficiency means the ratio of
energy delivered to the water to the energy
content of the fuel consumed by the water
heater.

1.11 Standby means the time during which
water is not being withdrawn from the water
heater. There are two standby time intervals
used within this test procedure: Tgwy.: rep-
resents the elapsed time between the time at
which the maximum mean tank temperature
is observed after the sixth draw and subse-
quent recovery and the end of the 24-hour
test; Ty represents the total time during
the 24-hour simulated use test when water is
not being withdrawn from the water heater.

1.12 Storage-type Water Heaters

1.12.1 Electric Storage-type Water Heater
means a water heater that uses electricity as
the energy source, is designed to heat and
store water at a thermostatically controlled
temperature of less than 180 °F (82 °C), has a
nominal input of 12 kilowatts (40,956 Btu/h)
or less, and has a rated storage capacity of
not less than 20 gallons (76 liters) nor more
than 120 gallons (450 liters).

1.12.2 Gas Storage-type Water Heater means
a water heater that uses gas as the energy
source, is designed to heat and store water at
a thermostatically controlled temperature of
less than 180 °F (82 °C), has a nominal input
of 75,000 Btu (79 MJ) per hour or less, and has
a rated storage capacity of not less than 20
gallons (76 liters) nor more than 100 gallons
(380 liters).

1.12.3 Heat Pump Water Heater means a
water heater that uses electricity as the en-
ergy source, is designed to heat and store
water at a thermostatically controlled tem-
perature of less than 180 °F (82 °C), has a
maximum current rating of 24 amperes (in-
cluding the compressor and all auxiliary
equipment such as fans, pumps, controls,
and, if on the same circuit, any resistive ele-
ments) for an input voltage of 250 volts or
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less, and, if the tank is supplied, has a manu-
facturer’s rated storage capacity of 120 gal-
lons (450 liters) or less. Resistive elements
used to provide supplemental heating may
use the same circuit as the compressor if (1)
an interlocking mechanism prevents concur-
rent compressor operation and resistive
heating or (2) concurrent operation does not
result in the maximum current rating of 24
amperes being exceeded. Otherwise, the re-
sistive elements and the heat pump compo-
nents must use separate circuits. A heat
pump water heater may be sold by the manu-
facturer with or without a storage tank.

a. Heat Pump Water Heater with Storage
Tank means an air-to-water heat pump sold
by the manufacturer with an insulated stor-
age tank as a packaged unit. The tank and
heat pump can be an integral unit or they
can be separated.

b. Heat Pump Water Heater without Stor-
age Tank (also called Add-on Heat Pump
Water Heater) means an air-to-water heat
pump designed for use with a storage-type
water heater or a storage tank that is not
specified or supplied by the manufacturer.

1.12.4 Oil Storage-type Water Heater means
a water heater that uses oil as the energy
source, is designed to heat and store water at
a thermostatically controlled temperature of
less than 180 °F (82 °C), has a nominal energy
input of 105,000 Btu/h (110 MJ/h) or less, and
has a manufacturer’s rated storage capacity
of 50 gallons (190 liters) or less.

1.12.5 Storage-type Water Heater of More
than 2 Gallons (7.6 Liters) and Less than 20
Gallons (76 Liters). Reserved.

1.13 ASHRAE Standard 41.1-86 means the
standard published in 1986 by the American
Society of Heating, Refrigerating and Air-
Conditioning Engineers, Inc., and titled
Standard Measurement Guide: Section on
Temperature Measurements.

1.14 ASTM-D-2156-80 means the test
standard published in 1980 by the American
Society for Testing and Measurements and
titled ““Smoke Density in Flue Gases from
Burning Distillate Fuels, Test Method for”’.

1.15 Symbol Usage The following identity
relationships are provided to help clarify the
symbology used throughout this procedure:

C, specific heat capacity of water

Eanmnua @nNual energy consumption of a water
heater

E¢ energy factor of a water heater

Fi. first-hour rating of a storage-type water
heater

Fmax Maximum gpm (L/min) rating of an in-
stantaneous water heater rated at a tem-
perature rise of 77 °F (42.8 °C) across the
heater

i a subscript to indicate an ith draw during a
test

M; mass of water removed during the ith
draw (i=1 to 6) of the 24-hr simulated use
test
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M*; for storage-type water heaters, mass of
water removed during the ith draw (i=1 to
n) during the first-hour rating test

Mom for instantaneous water heaters, mass
of water removed continuously during a 10-
minute interval in the maximum gpm (L/
min) rating test

n for storage-type water heaters, total num-
ber of draws during the first-hour rating
test

Q total fossil fuel and/or electric energy con-
sumed during the entire 24-hr simulated
use test

Qu daily water heating energy consumption
adjusted for net change in internal energy

Qu. adjusted daily water heating energy con-
sumption with adjustment for variation of
tank to ambient air temperature difference
from nominal value

Qum overall adjusted daily water heating en-
ergy consumption including Q4. and Quwp

Qunr hourly standby losses

Quw daily energy consumption to heat water
over the measured average temperature
rise across the water heater

Quwp adjustment to daily energy consump-
tion, Quw, due to variation of the tempera-
ture rise across the water heater not equal
to the nominal value of 77 °F (42.8 °C)

Q. energy consumption of fossil fuel or heat
pump water heaters between thermostat
(or burner) cut-out prior to the first draw
and cut-out following the first draw of the
24-hr simulated use test

Q:, max €nergy consumption of a modulating
instantaneous water heater between cut-
out (burner) prior to the first draw and
cut-out following the first draw of the 24-
hr simulated use test

Q:, min €nergy consumption of a modulating
instantaneous water heater from imme-
diately prior to the fourth draw to burner
cut-out following the fourth draw of the 24-
hr simulated use test

Q.wy total energy consumed by the water
heater during the standby time interval
Tstby, 1

Q.. total fossil fueled and/or electric energy
consumed from the beginning of the first
draw to the thermostat (or burner) cut-out
following the completion of the sixth draw
during the 24-hr simulated use test

Tmin for modulating instantaneous water
heaters, steady state outlet water tem-

_ perature at the minimum fuel input rate

To mean tank temperature at the beginning

_ of the 24-hr simulated use test

T.4 mean tank temperature at the end of the

_ 24-hr simulated use test

T., «wy average ambient air temperature dur-

_ ing standby periods of the 24-hr use test

Tua for instantaneous water heaters, average
outlet water temperature during a 10-
minute continuous draw interval in the
maximum gpm (L/min) rating test
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Tae, i average outlet water temperature dur-
ing the ith draw of the 24-hr simulated use

_ test

Ti, for instantaneous water heaters, average
inlet water temperature during a 10-
minute continuous draw interval in the

_ maximum gpm (L/min) rating test

Tin, i average inlet water temperature during

_ the ith draw of the 24-hr simulated use test

Tmax, 1 Maximum measured mean tank tem-
perature after cut-out following the first

_ draw of the 24-hr simulated use test

Ty average storage tank temperature dur-
ing the standby period Ty, » of the 24-hr

_ use test

Ts maximum measured mean tank tempera-
ture after cut-out following the sixth draw

_ of the 24-hr simulated use test

T, sy average storage tank temperature dur-
ing the standby period Ty, 1 of the 24-hr

_ use test

T*4e, i fOr storage-type water heaters, aver-
age outlet water temperature during the
ith draw (i=1 to n) of the first-hour rating
test

T*max, i fOr storage-type water heaters, max-
imum outlet water temperature observed
during the ith draw (i=1 to n) of the first-
hour rating test

T*min, i fOr storage-type water heaters, min-
imum outlet water temperature to termi-
nate the ith draw during the first-hour rat-
ing test

UA standby loss coefficient of a storage-type
water heater

V; volume of water removed during the ith
draw (i=1 to 6) of the 24-hr simulated use
test

V* volume of water removed during the ith
draw (i=1 to n) during the first-hour rating
test

Viom for instantaneous water heaters, volume
of water removed continuously during a 10-
minute interval in the maximum gpm (L/
min) rating test

Vmax Steady state water flow rate of an in-
stantaneous water heater at the rated
input to give a discharge temperature of
135 °F + 5 °F (57.2°C £ 2.8 °C)

Vmin Steady state water flow rate of a modu-
lating instantaneous water heater at the
minimum input to give a discharge tem-
perature of T, up to 135 °F + 5 °F (57.2 °C
+2.8°C)

V. measured storage volume of the storage
tank

W; weight of storage tank when completely
filled with water

W, tare weight of storage tank when com-
pletely empty of water

n, recovery efficiency

r density of water

Tany, 1 €lapsed time between the time the
maximum mean tank temperature is ob-
served after the sixth draw and the end of
the 24-hr simulated use test
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Taby, 2 Overall standby periods when no water
is withdrawn during the 24-hr simulated
use test
1.16 Tabletop water heater means a water

heater in a rectangular box enclosure de-

signed to slide into a kitchen countertop
space with typical dimensions of 36 inches
high, 25 inches deep and 24 inches wide.

2. Test Conditions

2.1 Installation Requirements. Tests shall
be performed with the water heater and in-
strumentation installed in accordance with
Section 4 of this appendix.

2.2 Ambient Air Temperature. The ambient
air temperature shall be maintained between
65.0 °F and 70.0 °F (18.3 °C and 21.1 °C) on a
continuous basis. For heat pump water heat-
ers, the dry bulb temperature shall be main-
tained at 67.5 °F £ 1 °F (19.7 °C = 0.6 °C) and,
in addition, the relative humidity shall be
maintained between 49% and 51%.

2.3 Supply Water Temperature. The tem-
perature of the water being supplied to the
water heater shall be maintained at 58 °F +
2 °F (14.4 °C £ 1.1 °C) throughout the test.

2.4 Storage Tank Temperature. The average
temperature of the water within the storage
tank shall be set to 135 °F £ 5 °F (57.2 °C + 2.8
°C).

2.5 Supply Water Pressure. During the test
when water is not being withdrawn, the sup-
ply pressure shall be maintained between 40
psig (275 kPa) and the maximum allowable
pressure specified by the water heater manu-
facturer.

2.6 Electrical and/or Fossil Fuel Supply.

2.6.1 Electrical. Maintain the electrical
supply voltage to within + 1% of the center
of the voltage range specified by the water
heater and/or heat pump manufacturer.

2.6.2 Natural Gas. Maintain the supply
pressure in accordance with the manufactur-
er’s specifications. If the supply pressure is
not specified, maintain a supply pressure of
7-10 inches of water column (1.7-2.5 kPa). If
the water heater is equipped with a gas ap-
pliance pressure regulator, the regulator
outlet pressure shall be within = 10% of the
manufacturer’s specified manifold pressure.
For all tests, use natural gas having a heat-
ing value of approximately 1,025 Btu per
standard cubic foot (38,190 kJ per standard
cubic meter).

2.6.3 Propane Gas. Maintain the supply
pressure in accordance with the manufactur-
er’s specifications. If the supply pressure is
not specified, maintain a supply pressure of
11-13 inches of water column (2.7-3.2 kPa). If
the water heater is equipped with a gas ap-
pliance pressure regulator, the regulator
outlet pressure shall be within = 10% of the
manufacturer’s specified manifold pressure.
For all tests, use propane gas with a heating
value of approximately 2,500 Btu per stand-
ard cubic foot (93,147 kJ per standard cubic
meter).
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2.6.4 Fuel Oil Supply. Maintain an uninter-
rupted supply of fuel oil. Use fuel oil having
a heating value of approximately 138,700 Btu
per gallon (38,660 kJ per liter).

10 CFR Ch. Il (1-1-05 Edition)

3. Instrumentation

3.1 Pressure Measurements. Pressure-meas-
uring instruments shall have an error no
greater than the following values:

Item measured

Instrument accuracy

Instrument precision

Gas pressure

+ 0.1 inch of water column (+ 0.025 kPa)

+ 0.05 inch of water column (£ 0.012

kPa).

AtMOSPhENiC PreSSUe ......cccoveueeveuereeerrenne + 0.1 inch of mercury column (+ 0.34 | £ 0.05 inch of mercury column (+ 0.17
kPa). kPa).

Water pressure .........ccooeeereeeeeenieseniennns + 1.0 pounds per square inch (+ 6.9 | £ 0.50 pounds per square inch (+ 3.45
kPa). kPa).

3.2 Temperature Measurement

3.2.1 Measurement. Temperature measure-
ments shall be made in accordance with the
Standard Measurement Guide: Section on
Temperature Measurements, ASHRAE
Standard 41.1-86.

3.2.2 Accuracy and Precision. The accuracy
and precision of the instruments, including
their associated readout devices, shall be
within the following limits:

Item measured

Instrument accuracy

Instrument precision

Air dry bulb temperature ... +0.2°F (£0.1°C
Air wet bulb temperature ... +0.2 °F (£ 0.1 °C]
Inlet and outlet water temperatures . +0.2 °F (+ 0.1

Storage tank temperatures +0.5 °F (+ 0.3 °C

£0.1 °F (£ 0.06 °C)
+0.1 °F (£ 0.06 °C)
+0.1 °F (+ 0.06 °C)
+0.25 °F (£ 0.14 °C)

3.2.3 Scale Division. In no case shall the
smallest scale division of the instrument or
instrument system exceed 2 times the speci-
fied precision.

3.2.4 Temperature Difference. Temperature
difference between the entering and leaving
water may be measured with any of the fol-
lowing:

a. A thermopile

b. Calibrated resistance thermometers
. Precision thermometers

. Calibrated thermistors

. Calibrated thermocouples

Quartz thermometers

3.2.5 Thermopile Construction. If a thermo-
pile is used, it shall be made from calibrated
thermocouple wire taken from a single spool.
Extension wires to the recording device shall
also be made from that same spool.

3.2.6 Time Constant. The time constant of
the instruments used to measure the inlet
and outlet water temperatures shall be no
greater than 5 seconds.

3.3 Liquid Flow Rate Measurement. The ac-
curacy of the liquid flow rate measurement,
using the calibration if furnished, shall be
equal to or less than = 1% of the measured
value in mass units per unit time.

3.4 Electric Energy. The electrical energy
used shall be measured with an instrument
and associated readout device that is accu-
rate within + 1% of the reading.

3.5 Fossil Fuels. The quantity of fuel used
by the water heater shall be measured with
an instrument and associated readout device
that is accurate within *+ 1% of the reading.

D Q0

3.6 Mass Measurements. For mass measure-
ments greater than or equal to 10 pounds (4.5
kg), a scale that is accurate within = 1% of
the reading shall be used to make the meas-
urement. For mass measurements less than
10 pounds (4.5 kg), the scale shall provide a
measurement that is accurate within £ 0.1
pound (0.045 kg).

3.7 Heating Value. The higher heating
value of the natural gas, propane, or fuel oil
shall be measured with an instrument and
associated readout device that is accurate
within £ 1% of the reading. The heating
value of natural gas and propane must be
corrected for local temperature and pressure
conditions.

3.8 Time. The elapsed time measurements
shall be measured with an instrument that is
accurate within = 0.5 seconds per hour.

3.9 Volume. Volume measurements shall
be measured with an accuracy of + 2% of the
total volume.

4. Installation

4.1 Water Heater Mounting. A water heater
designed to be freestanding shall be placed
on a ¥ inch (2 cm) thick plywood platform
supported by three 2 x 4 inch (5 cm x 10 cm)
runners. If the water heater is not approved
for installation on combustible flooring,
suitable non-combustible material shall be
placed between the water heater and the
platform. Counter-top water heaters shall be
placed against a simulated wall section.
Wall-mounted water heaters shall be sup-
ported on a simulated wall in accordance
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with the manufacturer-published installa-
tion instructions. When a simulated wall is
used, the recommended construction is 2 x 4
inch (5 cm x 10 cm) studs, faced with % inch
(2 cm) plywood. For heat pump water heaters
that are supplied with a storage tank, the
two components, if not delivered as a single
package, shall be connected in accordance
with the manufacturer-published installa-
tion instructions and the overall system
shall be placed on the above-described ply-
wood platform. If installation instructions
are not provided by the heat pump manufac-
turer, uninsulated 8 foot (2.4 m) long con-
necting hoses having an inside diameter of %
inch (1.6 cm) shall be used to connect the
storage tank and the heat pump water heat-
er. With the exception of using the storage
tank described in 4.10, the same require-
ments shall apply for heat pump water heat-
ers that are supplied without a storage tank
from the manufacturer. The testing of the
water heater shall occur in an area that is
protected from drafts.

4.2 Water Supply. Connect the water heat-
er to a water supply capable of delivering
water at conditions as specified in Sections
2.3 and 2.5 of this appendix.

4.3 Water Inlet and Outlet Configuration.
For freestanding water heaters that are tall-
er than 36 inches (91.4 cm), inlet and outlet
piping connections shall be configured in a
manner consistent with Figures 1 and 2. Inlet
and outlet piping connections for wall-
mounted water heaters shall be consistent
with Figure 3. For freestanding water heat-
ers that are 36 inches or less in height and
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not supplied as part of a counter-top enclo-
sure (commonly referred to as an under-the-
counter model), inlet and outlet piping shall
be installed in a manner consistent with Fig-
ures 4, 5, and 6. For water heaters that are
supplied with a counter-top enclosure, inlet
and outlet piping shall be made in a manner
consistent with Figures 7A and 7B, respec-
tively. The vertical piping noted in Figures
7A and 7B shall be located (whether inside
the enclosure or along the outside in a re-
cessed channel) in accordance with the man-
ufacturer-published installation instruc-
tions.

All dimensions noted in Figures 1 through
7 shall be achieved. All piping between the
water heater and the inlet and outlet tem-
perature sensors, noted as Ty and Tour in
the figures, shall be Type “L’" hard copper
having the same diameter as the connections
on the water heater. Unions may be used to
facilitate installation and removal of the
piping arrangements. A pressure gauge and
diaphragm expansion tank shall be installed
in the supply water piping at a location up-
stream of the inlet temperature sensor. An
appropriately rated pressure and tempera-
ture relief valve shall be installed on all
water heaters at the port specified by the
manufacturer. Discharge piping for the relief
valve shall be non-metallic. If heat traps,
piping insulation, or pressure relief valve in-
sulation are supplied with the water heater,
they shall be installed for testing. Except
when using a simulated wall, clearance shall
be provided such that none of the piping con-
tacts other surfaces in the test room.
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Figure 7.

4.4 Fuel and/or Electrical Power and Energy
Consumption. Install one or more instru-
ments which measure, as appropriate, the
quantity and rate of electrical energy and/or
fossil fuel consumption in accordance with
Section 3. For heat pump water heaters that
use supplemental resistive heating, the elec-
trical energy supplied to the resistive ele-
ment(s) shall be metered separately from the
electrical energy supplied to the entire ap-

pliance or to the remaining components
(e.g., compressor, fans, pumps, controls).

45 Internal Storage Tank Temperature
Measurements. Install six temperature meas-
urement sensors inside the water heater
tank with a vertical distance of at least 4
inches (100 mm) between successive sensors.
A temperature sensor shall be positioned at
the vertical midpoint of each of the six equal
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volume nodes within the tank. Nodes des-
ignate the equal volumes used to evenly par-
tition the total volume of the tank. As much
as is possible, the temperature sensor should
be positioned away from any heating ele-
ments, anodic protective devices, tank walls,
and flue pipe walls. If the tank cannot ac-
commodate six temperature sensors and
meet the installation requirements specified
above, install the maximum number of sen-
sors which comply with the installation re-
quirements. The temperature sensors shall
be installed either through (1) the anodic de-
vice opening; (2) the relief valve opening; or
(3) the hot water outlet. If installed through
the relief valve opening or the hot water out-
let, a tee fitting or outlet piping, as applica-
ble, shall be installed as close as possible to
its original location. If the relief valve tem-
perature sensor is relocated, and it no longer
extends into the top of the tank, a substitute
relief valve that has a sensing element that
can reach into the tank shall be installed. If
the hot water outlet includes a heat trap, the
heat trap shall be installed on top of the tee
fitting. Added fittings shall be covered with
thermal insulation having an R value be-
tween 4 and 8 h+ft2- °F/Btu (0.7 and 1.4 m2+ °C/
W).

4.6 Ambient Air Temperature Measurement.
Install an ambient air temperature sensor at
the vertical mid-point of the water heater
and approximately 2 feet (610 mm) from the
surface of the water heater. The sensor shall
be shielded against radiation.

4.7 Inlet and Outlet Water Temperature
Measurements. Install temperature sensors in
the cold-water inlet pipe and hot-water out-
let pipe as shown in Figures 1, 2, 3, 4, 5, 6, 7a
and 7b, as applicable.

4.8 Flow Control. A valve shall be installed
to provide flow as specified in sections 5.1.4.1
for storage tank water heaters and 5.2.1 for
instantaneous water heaters.

4.9 Flue Requirements.

4.9.1 Gas-Fired Water Heaters. Establish a
natural draft in the following manner. For
gas-fired water heaters with a vertically dis-
charging draft hood outlet, a 5-foot (1.5-
meter) vertical vent pipe extension with a
diameter equal to the largest flue collar size
of the draft hood shall be connected to the
draft hood outlet. For gas-fired water heat-
ers with a horizontally discharging draft
hood outlet, a 90-degree elbow with a diame-
ter equal to the largest flue collar size of the
draft hood shall be connected to the draft
hood outlet. A 5-foot (1.5-meter) length of
vent pipe shall be connected to the elbow and
oriented to discharge vertically upward. Di-
rect vent gas-fired water heaters shall be in-
stalled with venting equipment specified in
the manufacturer’s instructions using the
minimum vertical and horizontal lengths of
vent pipe recommended by the manufac-
turer.
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4.9.2 OQil-Fired Water Heaters. Establish a
draft at the flue collar at the value specified
in the manufacturer’s instructions. Establish
the draft by using a sufficient length of vent
pipe connected to the water heater flue out-
let, and directed vertically upward. For an
oil-fired water heater with a horizontally
discharging draft hood outlet, a 90-degree
elbow with a diameter equal to the largest
flue collar size of the draft hood shall be con-
nected to the draft hood outlet. A length of
vent pipe sufficient to establish the draft
shall be connected to the elbow fitting and
oriented to discharge vertically upward. Di-
rect-vent oil-fired water heaters should be
installed with venting equipment as speci-
fied in the manufacturer’s instructions,
using the minimum vertical and horizontal
lengths of vent pipe recommended by the
manufacturer.

4.10 Heat Pump Water Heater Storage Tank.
The tank to be used for testing a heat pump
water heater without a tank supplied by the
manufacturer (see Section 1.12.3b) shall be an
electric storage-type water heater having a
measured volume of 47.0 gallons £1.0 gallon
(178 liters 3.8 liters); two 4.5 kW heating ele-
ments controlled in such a manner as to pre-
vent both elements from operating simulta-
neously; and an energy factor greater than
or equal to the minimum energy conserva-
tion standard (as determined in accordance
with Section 6.1.7) and less than or equal to
the sum of the minimum energy conserva-
tion standard and 0.02.

5. Test Procedures

5.1 Storage-type Water Heaters,
Heat Pump Water Heaters.

5.1.1 Determination of Storage Tank Volume.
Determine the storage capacity, V, of the
water heater under test, in gallons (liters),
by subtracting the tare weight—measured
while the tank is empty—from the gross
weight of the storage tank when completely
filled with water (with all air eliminated and
line pressure applied as described in section
2.5) and dividing the resulting net weight by
the density of water at the measured tem-
perature.

5.1.2 Setting the Thermostat.

5.1.2.1 Single Thermostat Tanks. Starting
with a tank at the supply water tempera-
ture, initiate normal operation of the water
heater. After cut-out, determine the mean
tank temperature every minute until the
maximum value is observed. Determine
whether this maximum value for the mean
tank temperature is within the range of 135
°F5 °F (57.2 °C+2.8 °C). If not, turn off the
water heater, adjust the thermostat, drain
and refill the tank with supply water. Then,
once again, initiate normal operation of the
water heater, and determine the maximum
mean tank temperature after cut-out. Re-
peat this sequence until the maximum mean

Including
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tank temperature after cut-out is 135 °F15 °F
(57.2 °C+2.8 °C).

5.1.2.2 Tanks with Two or More Thermostats.
Follow the same sequence as for a single
thermostat tank, i.e. start at the supply
water temperature, operate normally until
cutout. Determine if the thermostat that
controls the uppermost heating element
yields a maximum water temperature of 135
°F15 °F (57.2 °C+2.8 °C), as measured by the
in-tank sensors that are positioned above the
uppermost heating element. If the tank tem-
perature at the thermostat is not within 135
°F15 °F (57.2 °C+2.8 °C), turn off the water
heater, adjust the thermostat, drain and re-
fill the tank with supply water. The thermo-
stat that controls the heating element posi-
tioned next highest in the tank shall then be
set to yield a maximum water temperature
of 135 °F15 °F (57.2 °C+2.8 °C). This process
shall be repeated until the thermostat con-
trolling the lowest element is correctly ad-
justed. When adjusting the thermostat that
controls the lowest element, the maximum
mean tank temperature after cut-out, as de-
termined using all the in-tank sensors, shall
be 135 °F+5 °F (57.2 °C+2.8 °C). When adjusting
all other thermostats, use only the in-tank
temperature sensors positioned above the
heating element in question to evaluate the
maximum water temperature after cut-out.

For heat pump water heaters that control
an auxiliary resistive element, the thermo-
stat shall be set in accordance with the man-
ufacturer’s installation instructions.

5.1.3 Power Input Determination. For all
water heaters except electric types having
immersed heating elements, initiate normal
operation and determine the power input, P,
to the main burners (including pilot light
power, if any) after 15 minutes of operation.
If the water heater is equipped with a gas ap-
pliance pressure regulator, the regulator
outlet pressure shall be set within + 10% of
that recommended by the manufacturer. For
oil-fired water heaters the fuel pump pres-
sure shall be within £ 10% of the manufactur-
er’s specified pump pressure. All burners
shall be adjusted to achieve an hourly Btu
(kJ) rating that is within + 2% of the value
specified by the manufacturer. For an oil-
fired water heater, adjust the burner to give
a CO» reading recommended by the manufac-
turer and an hourly Btu (kJ) rating that is
within + 2% of that specified by the manufac-
turer. Smoke in the flue may not exceed No.
1 smoke as measured by the procedure in
ASTM-D-2156-80.

5.1.4 First-Hour Rating Test.

5.1.4.1 General. During hot water draws,
remove water at a rate of 3.0+0.25 gallons per
minute (11.4+0.95 liters per minute). Collect
the water in a container that is large enough
to hold the volume removed during an indi-
vidual draw and suitable for weighing at the
termination of each draw. Alternatively, a
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water meter may be used to directly measure
the water volume(s) withdrawn.

5.1.4.2 Draw Initiation Criteria. Begin the
first-hour rating test by imposing a draw on
the storage-type water heater. After comple-
tion of this first draw, initiate successive
draws based on the following criteria. For
gas-and oil-fired water heaters, initiate suc-
cessive draws when the thermostat acts to
reduce the supply of fuel to the main burner.
For electric water heaters having a single
element or multiple elements that all oper-
ate simultaneously, initiate successive
draws when the thermostat acts to reduce
the electrical input supplied to the ele-
ment(s). For electric water heaters having
two or more elements that do not operate si-
multaneously, initiate successive draws
when the applicable thermostat acts to re-
duce the electrical input to the element lo-
cated vertically highest in the storage tank.
For heat pump waters heaters that do not
use supplemental resistive heating, initiate
successive draws immediately after the elec-
trical input to the compressor is reduced by
the action of the water heater’s thermostat.
For heat pump waters heaters that use sup-
plemental resistive heating, initiate succes-
sive draws immediately after the electrical
input to the compressor or the uppermost re-
sistive element is reduced by the action of
the applicable water heater thermostat. This
draw initiation criterion for heat pump
water heaters that use supplemental resis-
tive heating, however, shall only apply when
the water located above the thermostat at
cut-out is heated to 135 °F#5 °F (57.2 °C+2.8
°C).

5.1.4.3 Test Sequence. Establish normal
water heater operation. If the water heater
is not presently operating, initiate a draw.
The draw may be terminated anytime after
cut-in occurs. After cut-out occurs (i.e., all
thermostats are satisfied), monitor the in-
ternal storage tank temperature sensors de-
scribed in section 4.5 every minute.

Initiate a draw after a maximum mean
tank temperature has been observed fol-
lowing cut-out. Record the time when the
draw is initiated and designate it as an
elapsed time of zero (t* = 0). (The superscript
* is used to denote variables pertaining to
the first-hour rating test.) Record the outlet
water temperature beginning 15 seconds
after the draw is initiated and at 5-second in-
tervals thereafter until the draw is termi-
nated. Determine the maximum outlet tem-
perature that occurs during this first draw
and record it as T*,.. 1. For the duration of
this first draw and all successive draws, in
addition, monitor the inlet temperature to
the water heater to ensure that the required
58 °F+2 °F (14.4 °C#l.1 °C) test condition is
met. Terminate the hot water draw when the
outlet temperature decreases to T*ax1 —25 °F
(T*max,1 —13.9 °C). Record this temperature as
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T*min1. Following draw termination, deter-
mine the average outlet water temperature
and the mass or volume removed during this
first draw and record them as T*y; and M*,
or V*,, respectively.

Initiate a second and, if applicable, succes-
sive draw each time the applicable draw ini-
tiation criteria described in section 5.1.4.2
are satisfied. As required for the first draw,
record the outlet water temperature 15 sec-
onds after initiating each draw and at 5-sec-
ond intervals thereafter until the draw is
terminated. Determine the maximum outlet
temperature that occurs during each draw
and record it as T*n., i, Where the subscript
i refers to the draw number. Terminate each
hot water draw when the outlet temperature
decreases t0 T*nax, i—25 °F (T*max, i—13.9 °C).
Record this temperature as T*.i, ;. Calculate
and record the average outlet temperature
and the mass or volume removed during each
draw (T*4 i and M* or V*, respectively).
Continue this sequence of draw and recovery
until one hour has elapsed, then shut off the
electrical power and/or fuel supplied to the
water heater.

If a draw is occurring at an elapsed time of
one hour, continue this draw until the outlet
temperature decreases t0 T*n.x o—25 °F
(T*max, n —13.9 °C), at which time the draw
shall be immediately terminated. (The sub-
script n shall be used to denote quantities
associated with the final draw.) If a draw is
not occurring at an elapsed time of one hour,
a final draw shall be imposed at one hour.
This draw shall be immediately terminated
when the outlet temperature first indicates a
value less than or equal to the cut-off tem-
perature used for the previous draw (T*min,
»—1). For cases where the outlet temperature
is close to T*nin, n—1, the final draw shall pro-
ceed for a minimum of 30 seconds. If an out-
let temperature greater than T*,,, n—1 is not
measured within 30 seconds, the draw shall
be immediately terminated and zero addi-
tional credit shall be given towards first-
hour rating (i.e., M*, = 0 or V*, = 0). After
the final draw is terminated, calculate and
record the average outlet temperature and
the mass or volume removed during the draw
(T*4el, n @and M*, or V*,, respectively).

5.1.5 24-Hour Simulated Use Test. During
the simulated use test, a total of 64.£3 1.0
gallons (243£3.8 liters) shall be removed. This
value is referred to as the daily hot water
usage in the following text.

With the water heater turned off, fill the
water heater with supply water and apply
pressure as described in section 2.5. Turn on
the water heater and associated heat pump
unit, if present. After the cut-out occurs, the
water heater may be operated for up to three
cycles of drawing until cut-in, and then oper-
ating until cut-out, prior to the start of the
test.

At this time, record the mean tank tem-
perature (T,), and the electrical and/or fuel
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measurement readings, as appropriate. Begin
the 24-hour simulated use test by with-
drawing a volume from the water heater that
equals one-sixth of the daily hot water
usage. Record the time when this first draw
is initiated and assign it as the test elapsed
time (1) of zero (0). Record the average stor-
age tank and ambient temperature every 15
minutes throughout the 24-hour simulated
use test unless a recovery or a draw is occur-
ring. At elapsed time intervals of one, two,
three, four, and five hours from t = 0, initiate
additional draws, removing an amount of
water equivalent to one-sixth of the daily
hot water usage with the maximum allow-
able deviation for any single draw being £ 0.5
gallons (1.9 liters). The quantity of water
withdrawn during the sixth draw shall be in-
creased or decreased as necessary such that
the total volume of water withdrawn equals
64.3 gallons + 1.0 gallon (243.4 liters *+ 3.8 li-
ters).

All draws during the simulated use test
shall be made at flow rates of 3.0 gallons *
0.25 gallons per minute (11.4 liters £ 0.95 li-
ters per minute). Measurements of the inlet
and outlet temperatures shall be made 15
seconds after the draw is initiated and at
every subsequent 5-second interval through-
out the duration of each draw. The arith-
metic mean of the hot water discharge tem-
perature and the cold water inlet tempera-
ture shall be determined for each draw (Tae,
i and T, i). Determine and record the net
mass or volume removed (M; or V;), as appro-
priate, after each draw.

At the end of the recovery period following
the first draw, record the maximum mean
tank temperature observed after cut-out,
Tmax, 1, and the energy consumed by an elec-
tric resistance, gas or oil-fired water heater,
Q.. For heat pump water heaters, the total
electrical energy consumed during the first
recovery by the heat pump (including com-
pressor, fan, controls, pump, etc.) and, if ap-
plicable, by the resistive element(s) shall be
recorded as Q..

At the end of the recovery period that fol-
lows the sixth draw, determine and record
the total electrical energy and/or fossil fuel
consumed since the beginning of the test,
Q- In preparation for determining the en-
ergy consumed during standby, record the
reading given on the electrical energy (watt-
hour) meter, the gas meter, and/or the scale
used to determine oil consumption, as appro-
priate. Record the maximum value of the
mean tank temperature after cut-out as T
Except as noted below, allow the water heat-
er to remain in the standby mode until 24
hours have elapsed from the start of the test
(i.e., since = 0). Prevent the water heater
from beginning a recovery cycle during the
last hour of the test by turning off the elec-
tric power to the electrical heating elements
and heat pump, if present, or by turning
down the fuel supply to the main burner at
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an elapsed time of 23 hours. If a recovery is
taking place at an elapsed time of 23 hours,
wait until the recovery is complete before
reducing the electrical and/or fuel supply to
the water heater. At 24_hours, record the
mean tank temperature, T.4, and the electric
and/or fuel instrument readings. Determine
the total fossil fuel or electrical energy con-
sumption, as appropriate, for the entire 24-
hour simulated use test, Q. Record the time
interval between the time at which the max-
imum mean tank temperature is observed
after the sixth draw and the end of the 24-
hour test as q,, 1. Record the time during
which water is not being withdrawn from the
water heater during the entire 24-hour period
as sy, 2-

5.2 Instantaneous Gas and Electric Water
Heaters

5.2.1 Setting the Outlet Discharge Tempera-
ture. Initiate normal operation of the water
heater at the full input rating for electric in-
stantaneous water heaters and at the max-
imum firing rate specified by the manufac-
turer for gas instantaneous water heaters.
Monitor the discharge water temperature
and set to a value of 135 °F = 5 °F (57.2 °C *
2.8 °C) in accordance with the manufacturer’s
instructions. If the water heater is not capa-
ble of providing this discharge temperature
when the flow rate is 3.0 gallons £ 0.25 gal-
lons per minute (11.4 liters = 0.95 liters per
minute), then adjust the flow rate as nec-
essary to achieve the specified discharge
water temperature. Record the cor-
responding flow rate as Viax.

5.2.2 Additional Requirements for Variable
Input Instantaneous Gas Water Heaters. If the
instantaneous water heater incorporates a
controller that permits operation at a re-
duced input rate, adjust the flow rate as nec-
essary to achieve a discharge water tempera-
ture of 135 °F = 5 °F (57.2 °C £ 2.8 °C) while
maintaining the minimum input rate.
Record the corresponding flow rate as Vuin. If
an outlet temperature of 135 °F £ 5 °F (57.2 °C
+ 2.8 °C) cannot be achieved at the minimum
flow rate permitted by the instantaneous
water heater, record the flow rate as Vi, and
the corresponding outlet temperature as
Tmi“.

5.2.3 Maximum GPM Rating Test for Instan-
taneous Water Heaters. Establish normal
water heater operation at the full input rate
for electric instantaneous water heaters and
at the maximum firing rate for gas instanta-
neous water heaters with the discharge
water temperature set in accordance with
Section 5.2.1. During the 10-minute test, ei-
ther collect the withdrawn water for later
measurement of the total mass removed, or
alternatively, use a water meter to directly
measure the water volume removed.

After recording the scale or water meter
reading, initiate water flow throughout the
water heater, record the inlet and outlet
water temperatures beginning 15 seconds
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after the start of the test and at subsequent
5-second intervals throughout the duration
of the test. At the end of 10 minutes, turn off
the water. Determine the mass of water col-
lected, Miom, in pounds (kilograms), or the
volume of water, Viom, in gallons (liters).

5.2.4 24-hour Simulated Use Test for Gas In-
stantaneous Water Heaters.

5.2.4.1 Fixed Input Instantaneous Water
Heaters. Establish normal operation with the
discharge water temperature and flow rate
set to values of 135 °F £ 5 °F (57.2 °C £ 2.8 °C)
and V. per Section 5.2.1, respectively. With
no draw occurring, record the reading given
by the gas meter and/or the electrical energy
meter as appropriate. Begin the 24-hour sim-
ulated use test by drawing an amount of
water out of the water heater equivalent to
one-sixth of the daily hot water usage.
Record the time when this first draw is initi-
ated and designate it as an elapsed time, t, of
0. At elapsed time intervals of one, two,
three, four, and five hours from t = 0, initiate
additional draws, removing an amount of
water equivalent to one-sixth of the daily
hot water usage, with the maximum allow-
able deviation for any single draw being £ 0.5
gallons (1.9 liters). The quantity of water
drawn during the sixth draw shall be in-
creased or decreased as necessary such that
the total volume of water withdrawn equals
64.3 gallons + 1.0 gallons (243.4 liters £ 3.8 li-
ters).

Measurements of the inlet and outlet
water temperatures shall be made 15 seconds
after the draw is initiated and at every 5-sec-
ond interval thereafter throughout the dura-
tion of the draw. The arithmetic mean of the
hot water discharge temperature and the
cold water inlet temperature shall be deter-
mined for each draw. Record the scale used
to measure the mass of the withdrawn water
or the water meter reading, as appropriate,
after each draw. At the end of the recovery
period following the first draw, determine
and record the fossil fuel or electrical energy
consumed, Q.. Following the sixth draw and
subsequent recovery, allow the water heater
to remain in the standby mode until exactly
24 hours have elapsed since the start of the
test (i.e., since 1t = 0). At 24 hours, record the
reading given by the gas meter and/or the
electrical energy meter as appropriate. De-
termine the fossil fuel or electrical energy
consumed during the entire 24-hour simu-
lated use test and designate the quantity as
Q.

5.2.4.2 Variable Input Instantaneous Water
Heaters. If the instantaneous water heater in-
corporates a controller that permits contin-
uous operation at a reduced input rate, the
first three draws shall be conducted using
the maximum flow rate, V., while remov-
ing an amount of water equivalent to one-
sixth of the daily hot water usage, with the
maximum allowable deviation for any one of
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the three draws being + 0.5 gallons (1.9 li-
ters). The second three draws shall be con-
ducted at V.. If an outlet temperature of
135 °F + 5 °F (57.2 °C £ 2.8 °C) could not be
achieved at the minimum flow rate per-
mitted by the instantaneous water heater,
the last three draws should be lengthened
such that the volume removed is:

_643gal [ TTF |
4.6 6 (T — 58°F) |
or
_23L [ asc ]
B30T 6 7| (T, —14.4°C)

where T, is the outlet water temperature at
the flow rate V., as determined in Section
5.2.1, and where the maximum allowable var-
iation for any one of the three draws is £ 0.5
gallons (1.9 liters). The quantity of water
withdrawn during the sixth draw shall be in-
creased or decreased as necessary such that
the total volume of water withdrawn equals
(32.15 + 3.V456) £ 1.0 gallons

((121.7 + 3 + V4 5,6) = 3.8 liters).

Measurements of the inlet and outlet
water temperatures shall be made 5 seconds
after a draw is initiated and at every 5-sec-
ond interval thereafter throughout the dura-
tion of the draw. Determine the arithmetic
mean of the hot water discharge temperature
and the cold water inlet temperature for
each draw. Record the scale used to measure
the mass of the withdrawn water or the
water meter reading, as appropriate, after
each draw. At the end of the recovery period
following the first draw, determine and
record the fossil fuel or electrical energy
consumed, Q. max. Likewise, record the read-
ing of the meter used to measure fossil fuel
or electrical energy consumption prior to the
fourth draw and at the end of the recovery
period following the fourth draw, and des-
ignate the difference as Q.min. Following the
sixth draw and subsequent recovery, allow
the water heater to remain in the standby
mode until exactly 24 hours have elapsed
since the start of the test (i.e., since 1=0). At
24 hours, record the reading given by the gas
meter and/or the electrical energy meter, as
appropriate. Determine the fossil fuel or
electrical energy consumed during the entire
24-hour simulated use test and designate the
quantity as Q.

6. Computations

6.1 Storage Tank and Heat Pump Water
Heaters.

6.1.1 Storage Tank Capacity. The storage
tank capacity is computed using the fol-
lowing:
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(Wf _Wt)
p

V., =

st

Where:

V, = the storage capacity of the water heat-
er, gal (L).

W; = the weight of the storage tank when
completely filled with water, Ib (kg).

W, = the (tare) weight of the storage tank
when completely empty, Ib (kg).

p = the density of water used to fill the tank
measured at the temperature of the water,
Ib/gal (kg/L).

6.1.2. First-Hour Rating Computation. For
the case in which the final draw is initiated
at or prior to an elapsed time of one hour,
the first-hour rating shall be computed
using,

Fy, = ivi*
i=1

Where:

n = the number of draws that are completed
during the first-hour rating test.

V* = the volume of water removed during
the ith draw of the first-hour rating test,
gal (L)

or, if the mass of water is being measured,

Where:

M*; = the mass of water removed during the
ith draw of the first-hour rating test, Ib
(k).

p = the water density corresponding to the
average outlet temperature measured dur-
ing the ith draw, (T*q, 1), Ib/gal (kg/L).

For the case in which a draw is not in
progress at the elapsed time of one hour and
a final draw is imposed at the elapsed time of
one hour, the first-hour rating shall be cal-
culated using

4 *

ot o Taetn ~ Tin,not
3 E el, n min, n—
Fhr = 2 Vi + Vn —* T*
i=1 del,n-1 ~ *min, n—1

where n and V* are the same quantities as
defined above, and

V*, = the volume of water drawn during the
nth (final) draw of the first-hour rating

_ test, gal (L)

T*4an—1 = the average water outlet tempera-
ture measured during the (n—1)th draw of

_ the first-hour rating test, °F (°C).

T*wn = the average water outlet tempera-
ture measured during the nth (final) draw
of the first-hour rating test, °F (°C).
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T*mina_1 = the minimum water outlet tem-
perature measured during the (n-1)th
draw of the first-hour rating test, °F (°C).
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6.1.3 Recovery Efficiency. The recovery effi-
ciency for gas, oil, and heat pump storage-
type water heaters is computed as:

Mlcpl (Tdel,l _Tin,l
n: =
Q,
Where:
M; = total mass removed during the first

draw of the 24-hour simulated use test, Ib
(kg), or, if the volume of water is being
measured,

M, =V, p;

Where:

V, = total volume removed during the first
draw of the 24-hour simulated use test, gal
(L).

p1 = density of the water at the water tem-
perature measured at the point where the
flow volume is measured, Ib/gal (kg/L).

C,1_= specific heat of the withdrawn water,

_ (Taer1 + Tiny) 2, Btu/lb °F (kJ/kg °C).

Ten = average water outlet temperature
measured during the first draw of the 24-

_ hour simulated use test, °F (°C).

Tin1 = average water inlet temperature meas-
ured during the first draw of the 24-hour
simulated use test, °F (°C).

V. = as defined in section 6.1.1. _ B

p> = density of stored hot water, (Tmax.1 + To)/

2, Ib/gal (kg/L).

C,2 = specific heat of stored hot water evalu-
ated at (Tmux1 + To) / 2, Btu/lb °F (kJ/kg»

_°0).

Tmax,it = Maximum mean tank temperature
recorded after cut-out following the first
draw of the 24-hour simulated use test, °F

_ (°O).

T, = maximum mean tank temperature re-
corded prior to the first draw of the 24-hour
simulated use test, °F (°C).

Q: = the total energy used by the water heat-
er between cut-out prior to the first draw
and cut-out following the first draw, in-
cluding auxiliary energy such as pilot
lights, pumps, fans, etc., Btu (kJ). (Elec-
trical auxiliary energy shall be converted
to thermal energy using the following con-
version: 1 kWh = 3,412 Btu.)

The recovery efficiency for electric water
heaters with immersed heating elements is
assumed to be 98%.

6.1.4 Hourly Standby Losses. The hourly
standby energy losses are computed as:

Vstpcp (T24 - Tsu )
Ny
Tstby, 1

stby

Qhr =

+ \]stp2cp2 (Tmax, 1~ T0)

Q:

Where:

Qn: = the hourly standby energy losses of
the water heater, Btu/h (kJ/h).

Q.by = the total energy consumed by the
water heater between the time at which
the maximum mean tank temperature is
observed after the sixth draw and the end
of the 24-hour test period, Btu (kJ).

V4 = as defined in section 6.1.1. _ B

p = density of stored hot water, (T + Tg) /
2, Ib/gal (kg/L). B

C,_= specific heat of the stored water, (T +

_ Tw) /2, Btu/lb+°F (kJ/kg+°C).

T,4 = the mean tank temperature at the end

_ of the 24-hour simulated use test, °F (°C).

T, = the maximum mean tank temperature
observed after the sixth draw, °F (°C).

n: = as defined in section 6.1.3.

Taby, 1 = elapsed time between the time at
which the maximum mean tank tempera-
ture is observed after the sixth draw and
the end of the 24-hour simulated use test,
h.

The standby heat loss coefficient for the
tank is computed as:

Qhr_

Ta,stby,l

UA ==

T[, stby,1 —

Where:

UA = standby heat loss coefficient of the
storage tank, Btu/h+°F (kJ/h+°C).

Qu: = as defined in this section.

T. «wy.= overall average storage tank tem-
perature between the time when the max-
imum mean tank temperature is observed
after the sixth draw and the end of the 24-

_ hour simulated use test, °F (°C).

T. swya= overall average ambient tempera-
ture between the time when the maximum
mean tank temperature is observed after
the sixth draw and the end of the 24-hour
simulated use test, °F (°C).

6.1.5 Daily Water Heating Energy Consump-
tion. The daily water heating energy con-
sumption, Qq, is computed as:

_ Vstpcp (T24 - To )

Q;=Q
¢ n,

Where:
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Q = total energy used by the water heater
during the 24-hour simulated use test in-
cluding auxiliary energy such as pilot
lights, pumps, fans, etc., Btu (kJ). (Elec-
trical auxiliary energy shall be converted
to thermal energy using the following con-
version: 1 kWh = 3,412 Btu.)

V4 = as defined in section 6.1.1. B B

p= density of the stored hot water, (Tz4 + T,)
/2, Ib/gal (kg/L). _

C,_= specific heat of the stored water, (T2 +

_To) /2, Btu/lb+°F (kJ/kg+°C).

T.4 = mean tank temperature at the end of

_ the 24-hour simulated use test, °F (°C).

T, = mean tank temperature at the begin-
ning of the 24-hour simulated use test, re-
corded one minute before the first draw is
initiated, °F (°C).

n: = as defined in section 6.1.3.

6.1.6 Adjusted Daily Water Heating Energy
Consumption. The adjusted daily water heat-
ing energy consumption, Q.. takes into ac-
count that the temperature difference be-
tween the storage tank and surrounding am-
bient air may not be the nominal value of
67.5 °F (135 °F-67.5 °F) or 37.5 °C (57.2 °C-19.7
°C) due to the 10 °F (5.6 °C) allowable vari-
ation in storage tank temperature, 135 °F £ 5
°F (57.2 °C + 2.8 °C), and the 5 °F (2.8 °C) al-
lowable variation in surrounding ambient
temperature 65 °F (18.3 °C) to 70 °F (21.1 °C).
The adjusted daily water heating energy con-
sumption is computed as:

Qua = Qp — [(Temy, 2 — Ta, swy2) — (135 °F — 67.5
°F)] UATwy, 2 _

or Qu = Qp — [(Tslby, 2
—19.7 oC)] UA‘E,\,;,» 2

Where:

Qua = the adjusted daily water heating energy
consumption, Btu (kJ).

Q4 = as defined in section 6.1.5.

Tawy, 2 = the mean tank temperature during
the total standby portion, Ty, 2, Of the 24-

_ hour test, °F (°C).

T., swy, 2 = the average ambient temperature
during the total standby portion, T, 2, of
the 24-hour test, °F (°C).

UA = as defined in section 6.1.4.

Ty, 2 = the number of hours during the 24-
hour simulated test when water is not
being withdrawn from the water heater.

A modification is also needed to take into
account that the temperature difference be-
tween the outlet water temperature and sup-
ply water temperature may not be equiva-
lent to the nominal value of 77 °F (135 °F-58
°F) or 42.8 °C (57.2 °C-14.4 °C). The following
equations adjust the experimental data to a
nominal 77 °F (42.8 °C) temperature rise.

The energy used to heat water, Btu/day
(kJ/day), may be computed as:

— Ta sy, 2) — (57.2 °C

6 MiCpi (Tdel,i - Tin,i)

QHW=2

i=1 nr
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Where:

M; = the mass withdrawn for the ith draw (i
=1to 6), Ib (kg).

C,i = the specific heat of the water of the ith

_draw, Btu/lb+°F (kJ/kg+ °C).

T, i = the average water outlet temperature
measured during the ith draw (i=1 to 6), °F

_ (°O).

Tin, i = the average water inlet temperature
measured during the ith draw (i=1 to 6), °F
(°C).

n: = as defined in section 6.1.3.

The energy required to heat the same
quantity of water over a 77 °F (42.8 °C) tem-
perature rise, Btu/day (kJ/day), is:

6 M;C,; (135°F — 58°F)

QHW, 77°F = Z —=
i=1 u

6 M.C -(57.2°C—14.4°C)

or Quw, 428°c = z = n

i=1 r

The difference between these two values is:

QHWD = QHW, 77°—F *QHW

or Quwp = Quw.428°—F —Qnw

which must be added to the adjusted daily
water heating energy consumption value.
Thus, the daily energy consumption value
which takes into account that the tempera-
ture difference between the storage tank and
ambient temperature may not be 67.5 °F (37.5
°C) and that the temperature rise across the
storage tank may not be 77 °F (42.8 °C) is:

Qdm = Qda + Quwp
6.1.7 Energy Factor. The energy factor,
Ef, is computed as:

6, M;C,;(135°F - 58°F)

B ZZ_I' Qq

or

6, M;C,;(57.2°C~14.4°C)

E. =
' glt Qdm

Where:

Qum = the modified daily water heating en-
ergy consumption as computed in accord-
ance with section 6.1.6, Btu (kJ).

M; = the mass withdrawn for the ith draw (i
=1 to 6), Ib (kg).

C,i = the specific heat of the water of the ith
draw, Btu/lb °F (kJ/kg °C).

6.1.8 Annual Energy Consumption. The an-
nual energy consumption for storage-type
and heat pump water heaters is computed as:
Eannuat = 365 X Qam
Where:

Quam = the modified daily water heating en-
ergy consumption as computed in accord-
ance with section 6.1.6, Btu (kJ).

365 = the number of days in a year.
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6.2 Instantaneous Water Heaters.
6.2.1 Maximum GPM (L/min) Rating Com-

putation. Compute the maximum gpm (L/
min) rating as:

Foox = ‘
™ 10(p)(135°F - 58°F)

or F _ Ml()m (Tdel _Tin)
X 770 (p)(57.2°C - 14.4°C)

which may be expressed as:

_ MlOm (Tdel _Tin)

MlOm (Tde] - T, )

™ 10(p)(77°F)
or E _ MlOm(Tdel _Tin)
T 10(p)(42.8°C)
Where:
Miom = the mass of water collected during

_ the 10-minute test, Ib (kg).
T = the average delivery temperature, °F
_(°O).
Tin = the average inlet temperature, °F (°C).
p = the density of water at the average deliv-
ery temperature, Ib/gal (kg/L).
If a water meter is used the maximum gpm
(L/min) rating is computed as:

_ VlOm (Tdel _Tin)
a 10(77°F)

or E _ VlOm (Tdel _Tin)

maX T 10(42.8°C)

Where:

Viom = the volume of water measured during
_ the 10-minute test, gal (L).

Taa = as defined in this section.

Tin = as defined in this section.

6.2.2 Recovery Efficiency

6.2.2.1 Fixed Input Instantaneous Water
Heaters. The recovery efficiency is computed
as:

_ MICpI(Tdel,l _Tin,l)
Qr

Ut

Where:

M, = total mass removed during the first
draw of the 24-hour simulated use test, Ib
(kg), or, if the volume of water is being
measured,

M; =V p
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Where:

V, = total volume removed during the first
draw of the 24-hour simulated use test, gal
(L).

p= density of the water at the water tem-
perature measured at the point where the
flow volume is measured, Ib/gal (kg/L).

C,i1_= specific heat of the withdrawn water,

_ (Taer1 + Tiny) / 2, Btu/lb °F (kJ/kg °C).

Tea, 1 = average water outlet temperature
measured during the first draw of the 24-

_ hour simulated use test, °F (°C).

Ti,, 1+ = average water inlet temperature
measured during the first draw of the 24-
hour simulated use test, °F (°C).

Q: = the total energy used by the water heat-
er between cut-out prior to the first draw
and cut-out following the first draw, in-
cluding auxiliary energy such as pilot
lights, pumps, fans, etc., Btu (kJ). (Elec-
trical auxiliary energy shall be converted
to thermal energy using the following con-
version: 1 kWh = 3,412 Btu.)
6.2.2.2 Variable Input Instantaneous Water

Heaters. For instantaneous water heaters
that have a variable firing rate, two recovery
efficiency values are computed, one at the
maximum input rate and one at the min-
imum input rate. The recovery efficiency
used in subsequent computations is taken as
the average of these two values. The max-
imum recovery efficiency is computed as:

_ Mlel(Tdel,] _T )

in, 1
Qr,max

nr, max —

Where:

M, = as defined in section 6.2.2.1.

Cp1 = as defined in section 6.2.2.1.

Tae, 1 = as defined in section 6.2.2.1.

Tin, 1 = as defined in section 6.2.2.1.

Q:, max = the total energy used by the water
heater between burner cut-out prior to the
first draw and burner cut-out following the
first draw, including auxiliary energy such
as pilot lights, Btu (kJ).

The minimum recovery efficiency is com-
puted as:

M,C,4 (Tde1,4 - Tin,4)
Qr, min

nr, min —

Where:

M, = the mass withdrawn during the fourth
draw, Ib (kg), or, if the volume of water is
being measured,

My =V4p

Where:

V4 = total volume removed during the first
draw of the 24-hour simulated use test, gal
L.

p = as defined in 6.2.2.1
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Cps = the specific heat of water, Btu/lb °F

_ (kJ/kg °C).

Tae, « = the average delivery temperature for

_ the fourth draw, °F (°C).

Tin, 4« = the average inlet temperature for the
fourth draw, °F (°C).

Q:, min = the total energy consumed between
the beginning of the fourth draw and burn-
er cut-out following the fourth draw, in-
cluding auxiliary energy such as pilot
lights, Btu (kJ).

The recovery efficiency is computed as:

_ nr, max + nr, min

N, 2

Where:

Nrmax = a@s calculated above.
Nemin = as calculated above.

6.2.3 Daily Water Heating Energy Consump-
tion. The daily water heating energy con-
sumption, Qq, is computed as:

Qu=Q
Where:

Q = the energy used by the instantaneous
water heater during the 24-hr simulated
use test.

A modification is needed to take into ac-
count that the temperature difference be-
tween the outlet water temperature and sup-
ply water temperature may not be equiva-
lent to the nominal value of 77 °F (135 °F —58
°F) or 42.8 °C (57.2 °C—14.4 °C). The following
equations adjust the experimental data to a
nominal 77 °F (42.8 °C) temperature rise.

The energy used to heat water may be
computed as:

& M;C; (Tdel,i _Tin,i)

QHW=Z

i=1 nr

Where:

M; = the mass withdrawn during the ith
draw, Ib (kg).

C,i = the specific heat of water of the ith

_ draw, Btu/lb °F (kJ/kg (°C).

Tuei = the average delivery temperature of

_ the ith draw, °F (°C).

Tini = the average inlet temperature of the
ith draw, °F (°C).

Nn: = as calculated in section 6.2.2.2.
The energy required to heat the same

quantity of water over a 77 °F (42.8 °C) tem-
perature rise is:

6, M,C,;(135°F - 5§°F)
QHW,77°F:Z —
i=1 n;

6, M,C,,;(57.2°C — 14.4°C
or Quw, 42.8°¢c = 2 il n )
i=1 r
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Where:

M; = the mass withdrawn during the ith
draw, Ib (kg).

C,i = the specific heat of water of the ith
draw, Btu/lb °F (kJ/kg (°C).

n: = as calculated above.

The difference between these two values is:
Quwp = Quw, 77 °r — Quw
or Quwp = Quw, 428 °c — Quw

which much be added to the daily water
heating energy consumption value. Thus, the
daily energy consumption value which takes
into account that the temperature rise
across the storage tank may not be 77 °F
(42.8°C) is:

Qum = Qa + Quwp

6.2.4 Energy Factor. The energy factor, Eg,
is computed as:

6 M;C,(135°F - 58°F)
_ p1
E;=) 9
i=1 dm

6, M;C,;(57.2°C-14.4°C)

orE; =
! 121‘ Qdm

Where:

Quam = the daily water heating energy con-
sumption as computed in accordance with
section 6.2.3, Btu (kJ).

M; = the mass associated with the ith draw,
Ib (kg).

C,i = the specific heat of water computed at
a temperature of (58 °F + 135 °F) / 2, Btu/lb
°F [(14.4 °C + 57.2 °C) / 2, kJ/Kg °C].

6.2.5 Annual Energy Consumption. The an-
nual energy consumption for instantaneous
type water heaters is computed as:

Eannuar = 365 X Qum

Where:

Qum = the modified daily energy consump-
tion, Btu/day (kJ/day).
365 = the number of days in a year.

7. Ratings for Untested Models

In order to relieve the test burden on man-
ufacturers who offer water heaters which dif-
fer only in fuel type or power input, ratings
for untested models may be established in
accordance with the following procedures. In
lieu of the following procedures a manufac-
turer may elect to test the unit for which a
rating is sought.

7.1 Gas Water Heaters. Ratings obtained
for gas water heaters using natural gas can
be used for an identical water heater which
utilizes propane gas if the input ratings are
within * 10%.

7.2 Electric Water Heaters

7.2.1 First-Hour Rating. If an electric stor-
age-type water heater is available with more
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than one input rating, the manufacturer
shall designate the standard input rating,
and the water heater need only be tested
with heating elements at the designated
standard input ratings. The first-hour rat-
ings for units having power input rating less
than the designated standard input rating
shall be assigned a first-hour rating equiva-
lent to the first draw of the first-hour rating
for the electric water heater with the stand-
ard input rating. For units having power in-
puts greater than the designated standard
input rating, the first-hour rating shall be
equivalent to that measured for the water
heater with the standard input rating.

7.2.2 Energy Factor. The energy factor for
identical electric storage-type water heaters,
with the exception of heating element watt-
age, may use the energy factor obtained dur-
ing testing of the water heater with the des-
ignated standard input rating.

[63 FR 26008, May 11, 1998; 63 FR 38738, July
20, 1998, as amended at 66 FR 4497, Jan. 17,
2001]

APPENDIX F TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF RooM AIR CONDITIONERS

1. Test method. The test method for testing
room air conditioners shall consist of appli-
cation of the methods and conditions in
American National Standard (ANS) Z234.1-
1972, ““Room Air Conditioners,” sections 4, 5,
6.1, and 6.5, and in American Society of Heat-
ing, Refrigerating and Air Conditioning in
Engineers  (ASHRAE) Standard 16-69,
““Method of Testing for Rating Room Air
Conditioners.”

2. Test conditions. Establish the test condi-
tions described in sections 4 and 5 of ANS
Z234.1-1972 and in accordance with ASHRAE
Standard 16-69.

3. Measurements. Measure the quantities de-
lineated in section 5 of ANS Z234.1-1972.

4. Calculations. 4.1 Calculate the cooling ca-
pacity (expressed in Btu/hr) as required in
section 6.1 of ANS Z234.1-1972 and in accord-
ance with ASHRAE Standard 16-69.

4.2 Determine the electrical power input
(expressed in watts) as required by section
6.5 of ANS Z234.1-1972 and in accordance with
ASHRAE Standard 16-69.

[42 FR 27898, June 1, 1977. Redesignated and
amended at 44 FR 37938, June 29, 1979]

APPENDIX G TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF UNVENTED HOME HEATING
EQUIPMENT

1. Testing conditions.
1.1 Installation.
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1.1.1 Electric heater. Install heater accord-
ing to manufacturer’s instructions. Heaters
shall be connected to an electrical supply
circuit of nameplate voltage with a
wattmeter installed in the circuit. The
wattmeter shall have a maximum error not
greater than one percent.

1.1.2 Unvented gas heater. Install heater
according to manufacturer’s instructions.
Heaters shall be connected to a gas supply
line with a gas displacement meter installed
between the supply line and the heater ac-
cording to manufacturer’s specifications.
The gas displacement meter shall have a
maximum error not greater than one per-
cent. Gas heaters with electrical auxiliaries
shall be connected to an electrical supply
circuit of nameplate voltage with a
wattmeter installed in the circuit. The
wattmeter shall have a maximum error not
greater than one percent.

1.1.3 Unvented oil heater. Install heater ac-
cording to manufacturer’s instructions. Oil
heaters with electric auxiliaries shall be con-
nected to an electrical supply circuit of
nameplate voltage with a wattmeter in-
stalled in the circuit. The wattmeter shall
have a maximum error not greater than one
percent.

1.2 Temperature regulating controls. All
temperature regulating controls shall be
shorted out of the circuit or adjusted so that
they will not operate during the test period.

1.3 Fan controls. All fan controls shall be
set at the highest fan speed setting.

1.4 Energy supply.

1.4.1 Electrical supply. Supply power to the
heater within one percent of the nameplate
voltage.

1.4.2 Natural gas supply. For an unvented
gas heater utilizing natural gas, maintain
the gas supply to the heater with a normal
inlet test pressure immediately ahead of all
controls at 7 to 10 inches of water column.
The regulator outlet pressure at normal sup-
ply test pressure shall be approximately that
recommended by the manufacturer. The nat-
ural gas supplied should have a higher heat-
ing value within + 5 percent of 1,025 Btu’s per
standard cubic foot. Determine the higher
heating value, in Btu’s per standard cubic
foot, for the natural gas to be used in the
test, with an error no greater than one per-
cent. Alternatively, the test can be con-
ducted using ‘“‘bottled’” natural gas of a high-
er heating value within + 5 percent of 1,025
Btu’s per standard cubic foot as long as the
actual higher heating value of the bottled
natural gas has been determined with an
error no greater than one percent as certified
by the supplier.

1.4.3 Propane gas supply. For an unvented
gas heater utilizing propane, maintain the
gas supply to the heater with a normal inlet
test pressure immediately ahead of all con-
trols at 11 to 13 inches of water column. The
regulator outlet pressure at normal supply
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test pressure shall be that recommended by
the manufacturer. The propane supplied
should have a higher heating value of with-
int 5 percent of 2,500 Btu’s per standard cubic
foot. Determine the higher heating value in
Btu’s per standard foot, for the propane to be
used in the test, with an error no greater
than one percent. Alternatively, the test can
be conducted using ‘‘bottled’” propane of a
higher heating value within + 5 percent of
2,500 Btu’s per standard cubic foot as long as
the actual higher heating value of the bot-
tled propane has been determined with an
error no greater than one percent as certified
by the supplier.

1.4.4 Oil supply. For an unvented oil heat-
er utilizing kerosene, determine the higher
heating value in Btu’s per gallon with an
error no greater than one percent. Alter-
natively, the test can be conducted using a
tested fuel of a higher heating value within
+ 5 percent of 137,400 Btu’s per gallon as long
as the actual higher heating value of the
tested fuel has been determined with an
error no greater than one percent as certified
by the supplier.

1.5 Energy flow instrumentation. Install one
or more energy flow instruments which
measure, as appropriate and with an error no
greater than one percent, the quantity of
electrical energy, natural gas, propane gas,
or oil supplied to the heater.

2. Testing and measurements.

2.1 Electric power measurement. Establish
the test conditions set forth in section 1 of
this appendix. Allow an electric heater to
warm up for at least five minutes before re-
cording the maximum electric power meas-
urement from the wattmeter. Record the
maximum electric power (Pg) expressed in
kilowatts.

Allow the auxiliary electrical system of a
forced air unvented gas, propane, or oil heat-
er to operate for at least five minutes before
recording the maximum auxiliary electric
power measurement from the wattmeter.
Record the maximum auxiliary electric
power (Pa) expressed in Kilowatts.

2.2 Natural gas, propane, and oil measure-
ment. Establish the test conditions as set
forth in section 1 of this appendix. A natural
gas, propane, or oil heater shall be operated
for one hour. Using either the nameplate rat-
ing or the energy flow instrumentation set
forth in section 1.5 of this appendix and the
fuel supply rating set forth in sections 1.4.2,
1.4.3, or 1.4.4 of this appendix, as appropriate,
determine the maximum fuel input (Pg) of
the heater under test in Btu’s per hour. The
energy flow instrumentation shall measure
the maximum fuel input with an error no
greater than one percent.

10 CFR Ch. Il (1-1-05 Edition)

3. Calculations.

3.1 Annual energy consumption for primary
electric heaters. For primary electric heaters,
calculate the annual energy consumption
(Eg) expressed in kilowatt-hours per year and
defined as:

Er=2080(0.77)DHR
where:

2080=national average annual heating load
hours

0.77=adjustment factor

DHR=design heating requirement and is
equal to Pg/1.2 in kilowatts.

Pr=as defined in 2.1 of this appendix

1.2=typical oversizing factor for primary
electric heaters

3.2 Annual energy consumption for primary
electric heaters by geographic region of the
United States. For primary electric heaters,
calculate the annual energy consumption by
geographic region of the United States (Eg)
expressed in Kilowatt-hours per year and de-
fined as:

Er=HLH(0.77) (DHR)
where:

HLH=heating load hours for a specific region
determined from Figure 1 of this appendix
in hours

0.77=as defined in 3.1 of this appendix

DHR=as defined in 3.1 of this appendix

3.3 Rated output for electric heaters. Cal-
culate the rated output (Q..) for electric
heaters, expressed in Btu’s per hour, and de-
fined as:

Qou=PE (3,412 Btu/kWh)

where:
Pg=as defined in 2.1 of this appendix

3.4 Rated output for unvented heaters using
either natural gas, propane, or oil. For
unvented heaters using either natural gas,
propane, or oil equipped without auxiliary
electrical systems, the rated output (Qou),
expressed in Btu’s per hour, is equal to Pg, as
determined in section 2.2 of this appendix.

For unvented heaters using either natural
gas, propane, or oil equipped with auxiliary
electrical systems, calculate the rated out-
put (Qou), expressed in Btu’s per hour, and
defined as:

Qou=Ps+P (3,412 Btu/kWh)

where:

Pr=as defined in 2.2 of this appendix in Btu/
hr

Pa=as defined in 2.1 of this appendix in Btu/
hr
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FIGURE |
Heating Load Hours (HLH) for the United States and Territories
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(Energy Policy and Conservation Act, Pub. L. 94-163, as amended by Pub. L. 94-385; Federal
Energy Administration Act of 1974, Pub. L. 93-275, as amended by Pub. L. 94-385; Department
of Energy Organization Act, Pub. L. 95-91; E.O. 11790, 39 FR 23185)

[43 FR 20132, May 10, 1978. Redesignated and amended at 44 FR 37938, June 29, 1979; 49 FR 12157,

Mar. 28, 1984]

APPENDIX H TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF TELEVISION SETS

1. DEFINITIONS

1.1 *“IRE-unit flat field” means a specific
video electrical signal which results in a par-
ticular level of brightness of the television
screen as established by the Institute of
Radio Engineers.

1.2 “Filament keep-warm’ means a fea-
ture that provides a voltage to keep vacuum
tube and/or picture tube filaments warm for

the purpose of allowing almost instanta-
neous response to the power control swtich.

1.3 ‘“*Operating time’ (t,) means the hours
per year during which the television set is
operating with power control turned on.

1.4 *““Remote control’’ means an optional
feature which allows the user to control the
television set from more than one location
by a hand held device.

1.5 ‘“‘Standby power consumption” (Ps)
means the minimum amount of energy con-
sumed with the power control switch turned
off.

1.6 ‘‘Standby time” (t5) means the hours
per year during which the television set is
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connected to a power outlet with the power
control switch turned off.

1.7 **Vacation switch or master on-off
switch’” means an optional energy saving
feature incorporated into the design of a tel-
evision set that permits the user to dis-
connect the filament keep-warm circuit(s).

1.8 *“*“Remote control defeat switch’” means
a switch which permits the user to dis-
connect all standby power to a television set.

2. Testing Conditions and Measurements

2.1 Test equipment and test signals. The fol-
lowing equipment and test signals shall be
used for testing of television sets.

2.1.1 Regulated power source capable of
supplying 120 volts (+1.2 volts) alternating
current.

2.1.2 Signal generator capable of pro-
ducing radio frequency (RF) television test
signals, at a convenient very high frequency
(VHF) channel, modulated with, National
Television System Committee composite
video as follows:

2.1.2.1 Standard White Pattern, RF signal
modulated to 87 percent with a 100 IRE-unit
flat field.

2.1.2.2 Standard Black Pattern, all adjust-
ments as for 2.1.2.1 except modulated with a
zero IRE-unit flat field.

2.1.2.3 The test signals in 2.1.21 and
2.1.2.2, supplied by a source whose impedance
equals the design antenna impedance of the
television set under test, shall be adjusted to
a level of 70 decibels (dB) +3dB, referred to a
zero dB level of one femtowatt (1x10~ 15 watt)
available power. (For a 300 ohm source, 70 dB
referred to one femtowatt corresponds to an
open-circuit voltage of 3.5 millivolts. For the
calculation of ‘“‘available power’” use Amer-
ican National Standard C.16.13-1961, Method
of Testing Monochrome Television Broadcast
Receivers.)

2.1.3 Wattmeter capable of measuring the
average power consumption of the television
set under test. The wattmeter shall be accu-
rate to within 1 percent of the full scale
value. All measurements shall be made on
the upper half of the scale of the wattmeter.

2.2 Initial set-up of television set.

2.2.1 Remove all batteries from television
sets designed for both battery and alter-
nating current operation. Deactivate all
present or automatic controls affecting
brightness which are customer options. Ad-
just all non-customer controls according to
the manufacturer’s service procedure.

2.2.2 Apply power to the television set
under test from the power source specified in
2.1.1 through the wattmeter specified in 2.1.3.
Adjust the volume control to the lowest pos-
sible setting.

2.2.3 Connect the output of the signal gen-
erator as specified in 2.1.2 to the VHF an-
tenna terminals of the television set. Tune
the television set to the channel of the RF
signal.
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2.3 Measurement of operating power con-
sumption (Po)

2.3.1 Turn on the television set and allow
at least five minutes warm-up time. With the
synchronization controls adjusted for a sta-
ble test pattern, apply the standard white
pattern specified in 2.1.2.1 to the television
set. Adjust any customer controls other than
the volume or synchronization controls for
maximum power consumption as indicated
by the wattmeter specified in 2.1.3. Illu-
minate any room illuminance sensor which
has not been deactivated, to produce max-
imum power consumption. Record the white
pattern consumption (Pw) as indicated by the
wattmeter in watts.

2.3.2 Change the signal source to the
standard black pattern specified in 2.1.2.2.
Adjust any customer controls, other than
the volume or synchronization controls, for
the minimum power consumption as indi-
cated by the wattmeter. Cover any room il-
luminance sensor which has not been deacti-
vated. Record the black pattern power con-
sumption (Py) as indicated by the wattmeter
in watts.

2.3.3 Compute the operating power con-
sumption (po) as follows:

Po=(Pw+Pu/2)
where

Po.=operating power consumption in watts
Pw=as determined from 2.3.1
Pp=as determined from 2.3.2

2.2 Measurements of standby power con-
sumption (Ps)

2.4.1 For television sets without either a
vacation switch or a remote control defeat
switch, turn the power switch off and after
two minutes measure the standby power con-
sumption (P).

2.4.2 For a television set equipped with a
remote control defeat switch, a vacation
switch or both, turn the power switch, any
vacation switch, and any remote er con-
sumptions, (Pmax).The standby power is then
calculated from the equation:

Ps=[(Pmax — Pmin)/2]+Pmin

where

Ps=standby power consumption in watts

Pmax=power consumption, in watts, measured
with the television set power switch off
and the vacation switch and remote con-
trol defeat switch in the highest energy
consuming position.

Pmin=power consumption, in watts, measured
with the television set power switch off
and the vacation switch and remote con-
trol defeat switch in the lowest energy
consuming position.

3.0 Average Annual Energy Consumption
E=(Poto/1,000)+(Psts/1,000)=2.2P,+6.56Ps
where
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E=total average energy consumed by the tel-
evision set (kilowatt-hour per year)

P.,=operating power consumption as com-
puted in 2.3.3

to,=operating time, 2,200 h/yr

Ps=standby power consumption computed in
2.4

ts=standby time, 6,560 h/yr

[42 FR 46154, Sept. 14, 1977. Redesignated and
amended at 44 FR 37938, June 29, 1979]

APPENDIX | TO SUBPART B OF PART 430—
UNIFORM TEST METHOD FOR MEAS-
URING THE ENERGY CONSUMPTION OF

CONVENTIONAL RANGES, CONVEN-
TIONAL COOKING TopPs, CONVEN-
TIONAL OVENS, AND MICROWAVE
OVENS

1. Definitions

1.1 Built-in means the product is sup-
ported by surrounding cabinetry, walls, or
other similar structures.

1.2 Drop-in means the product is sup-
ported by horizontal surface cabinetry.

1.3 Forced convection means a mode of con-
ventional oven operation in which a fan is
used to circulate the heated air within the
oven compartment during cooking.

1.4 Freestanding means the product is not
supported by surrounding cabinetry, walls,
or other similar structures.

1.5 1EC 705 refers to the test standard pub-
lished by the International Electrotechnical
Commission, entitled ‘“Method for Measuring
the Performance of Microwave Ovens for
Household and Similar Purposes,” Publica-
tion 705-1988 and Amendment 2—1993. (See 10
CFR 430.22)

1.6 Normal nonoperating temperature means
the temperature of all areas of an appliance
to be tested are within 5 °F (2.8 °C) of the
temperature that the identical areas of the
same basic model of the appliance would at-
tain if it remained in the test room for 24
hours while not operating with all oven
doors closed and with any gas pilot lights on
and adjusted in accordance with manufactur-
er’s instructions.

1.7 Primary energy consumption means ei-
ther the electrical energy consumption of a
conventional electric oven or the gas energy
consumption of a conventional gas oven.

1.8 Secondary energy consumption means
any electrical energy consumption, other
than clock energy consumption, of a conven-
tional gas oven.

1.9 Standard cubic foot (L) of gas means
that quantity of gas that occupies 1 cubic
foot (L) when saturated with water vapor at
a temperature of 60 °F (15.6 °C) and a pres-
sure of 30 inches of mercury (101.6 kPa) (den-
sity of mercury equals 13.595 grams per cubic
centimeter).
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1.10 Thermocouple means a device con-
sisting of two dissimilar metals which are
joined together and, with their associated
wires, are used to measure temperature by
means of electromotive force.

1.11 Symbol Usage. The following identity
relationships are provided to help clarify the
symbology used throughout this procedure.

A—Number of Hours in a Year

B—Number of Hours Pilot Light Contributes
to Cooking

C—Specific Heat

E—Energy Consumed

Eff—Cooking Efficiency

H—Heating Value of Gas

K—Conversion for Watt-hours to Kilowatt
hours

K.—3.412 Btu/Wh, Conversion for Watt-hours
to Btu’s

M—Mass

n—Number of Units

O—Annual Useful Cooking Energy Output

P—Power

Q—Gas Flow Rate

R—Energy Factor, Ratio of useful Cooking
Energy Output to Total Energy Input

S—Number of Self Cleaning Operations per
Year

T—Temperature

t—Time

V—Volume of Gas Consumed

W—Weight of Test Block

2. Test Conditions

2.1 Installation. A free standing kitchen
range shall be installed with the back di-
rectly against, or as near as possible to, a
vertical wall which extends at least 1 foot
above and on either side of the appliance.
There shall be no side walls. A drop-in, built-
in or wall-mounted appliance shall be in-
stalled in an enclosure in accordance with
the manufacturer’s instructions. These ap-
pliances are to be completely assembled with
all handles, knobs, guards and the like
mounted in place. Any electric resistance
heaters, gas burners, baking racks, and baf-
fles shall be in place in accordance with the
manufacturer’s instructions; however, broil-
er pans are to be removed from the oven’s
baking compartment. Disconnect any elec-
trical clock which uses energy continuously,
except for those that are an integral part of
the timing or temperature controlling cir-
cuit of the oven, cooktop, or microwave
oven. Do not disconnect or modify the cir-
cuit to any other electrical devices or fea-
tures.

2.1.1 Conventional electric ranges, ovens,
and cooking tops. These products shall be con-
nected to an electrical supply circuit with
voltage as specified in Section 2.2.1 with a
watt-hour meter installed in the circuit. The
watt-hour meter shall be as described in Sec-
tion 2.9.1.1.
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2.1.2 Conventional gas ranges, ovens, and
cooking tops. These products shall be con-
nected to a gas supply line with a gas meter
installed between the supply line and the ap-
pliance being tested, according to manufac-
turer’s specifications. The gas meter shall be
as described in Section 2.9.2. Conventional
gas ranges, ovens and cooking tops with elec-
trical ignition devices or other electrical
components shall be connected to an elec-
trical supply circuit of nameplate voltage
with a watt-hour meter installed in the cir-
cuit. The watt-hour meter shall be as de-
scribed in Section 2.9.1.1.

2.1.3 Microwave ovens. Install the micro-
wave oven in accordance with the manufac-
turer’s instructions and connect to an elec-
trical supply circuit with voltage as speci-
fied in Section 2.2.1. A watt-hour meter and
watt meter shall be installed in the circuit
and shall be as described in Section 2.9.1.1
and 2.9.1.2. If trial runs are needed to set the
““on”” time for the test, the test measure-
ments are to be separated according to Sec-
tion 4, Paragraph 12.6 of IEC 705 Amendment
2. (See 10 CFR 430.22)

2.2 Energy supply.

2.2.1 Electrical supply. Maintain the elec-
trical supply to the conventional range, con-
ventional cooking top, and conventional
oven being tested at 240/120 volts except that
basic models rated only at 208/120 volts shall
be tested at that rating. Maintain the volt-
age within 2 percent of the above specified
voltages. For the microwave oven testing,
however, maintain the electrical supply to a
microwave oven at 120 volts +1 volt and at 60
hertz.

2.2.2 Gas supply.

2.2.2.1 Gas burner adjustments. Conven-
tional gas ranges, ovens, and cooking tops
shall be tested with all of the gas burners ad-
justed in accordance with the installation or
operation instructions provided by the man-
ufacturer. In every case, the burner must be
adjusted with sufficient air flow to prevent a
yellow flame or a flame with yellow tips.

2.2.2.2 Natural gas. For testing convertible
cooking appliances or appliances which are
designed to operate using only natural gas,
maintain the natural gas pressure imme-
diately ahead of all controls of the unit
under test at 7 to 10 inches of water column
(1743.6 to 2490.8 Pa). The regulator outlet
pressure shall equal the manufacturer’s rec-
ommendation. The natural gas supplied
should have a heating value of approxi-
mately 1,025 Btu’s per standard cubic foot
(38.2 kJ/L). The actual gross heating value,
H,, in Btu’s per standard cubic foot (kJ/L),
for the natural gas to be used in the test
shall be obtained either from measurements
made by the manufacturer conducting the
test using equipment that meets the require-
ments described in Section 2.9.4 or by the use
of bottled natural gas whose gross heating
value is certified to be at least as accurate a
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value that meets the requirements in Sec-
tion 2.9.4.

2.2.2.3 Propane. For testing convertible
cooking appliances with propane or for test-
ing appliances which are designed to operate
using only LP-gas, maintain the propane
pressure immediately ahead of all controls of
the unit under test at 11 to 13 inches of water
column (2740 to 3238 Pa). The regulator out-
let pressure shall equal the manufacturer’s
recommendation. The propane supplied
should have a heating value of approxi-
mately 2,500 Btu’s per standard cubic foot
(93.2 kJ/L). The actual gross heating value,
Hp, in Btu’s per standard cubic foot (kJ/L),
for the propane to be used in the test shall be
obtained either from measurements made by
the manufacturer conducting the test using
equipment that meets the requirements de-
scribed in Section 2.9.4 or by the use of bot-
tled propane whose gross heating value is
certified to be at least as accurate a value
that meets the requirements described in
Section 2.9.4.

2.2.2.4 Test gas. A basic model of a con-
vertible cooking appliance shall be tested
with natural gas, but may also be tested
with propane. Any basic model of a conven-
tional range, conventional cooking top, or
conventional oven which is designed to oper-
ate using only natural gas as the energy
source must be tested with natural gas. Any
basic model of a conventional range, conven-
tional cooking top, or conventional oven
which is designed to operate using only LP
gas as the gas energy source must be tested
with propane gas.

2.3 Air circulation. Maintain air circula-
tion in the room sufficient to secure a rea-
sonably uniform temperature distribution,
but do not cause a direct draft on the unit
under test.

2.4 Setting the conventional oven thermostat.

2.4.1 Conventional electric oven. Install a
thermocouple approximately in the center of
the usable baking space. Provide a tempera-
ture indicator system for measuring the
oven’s temperature with an accuracy as indi-
cated in Section 2.9.3.2. If the oven thermo-
stat does not cycle on and off, adjust or de-
termine the conventional electric oven ther-
mostat setting to provide an average inter-
nal temperature which is 325°t5 °F (180.6° +2.8
°C) higher than the room ambient air tem-
perature. If the oven thermostat operates by
cycling on and off, adjust or determine the
conventional electric oven thermostat set-
ting to provide an average internal tempera-
ture which is 325° +5 °F (180.6°+2.8 °C) higher
than the room ambient air temperature.
This shall be done by measuring the max-
imum and minimum temperatures in any
three consecutive cut-off/cut-on actions of
the electric resistance heaters, excluding the
initial cut-off/cut-on action, by the thermo-
stat after the temperature rise of 325°t5 °F
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(180.6° £2.8 °C) has been attained by the con-
ventional electric oven. Remove the thermo-
couple after the thermostat has been set.

2.4.2 Conventional gas oven. Install five
parallel-connected weighted thermocouples,
one located at the center of the conventional
gas oven’s usable baking space and the other
four equally spaced between the center and
the corners of the conventional gas oven on
the diagonals of a horizontal plane through
the center of the conventional gas oven.
Each weighted thermocouple shall be con-
structed of a copper disc that is 1-inch (25.4
mm) in diameter and %-inch (3.2 mm) thick.
The two thermocouple wires shall be located
in two holes in the disc spaced Y--inch (12.7
mm) apart, with each hole being located Y-
inch (6.4 mm) from the center of the disc.
Both thermocouple wires shall be silver-sol-
dered to the copper disc. Provide a tempera-
ture indicator system for measuring the
oven’s temperature with an accuracy as indi-
cated in Section 2.9.3.2. If the oven thermo-
stat does not cycle on or off, adjust or deter-
mine the conventional gas oven thermostat
setting to provide an average internal tem-
perature which is 325 °+5 °F (180.6 °+2.8 °C)
higher than the room ambient air tempera-
ture. If the oven thermostat operates by cy-
cling on and off, adjust or determine the con-
ventional gas oven thermostat setting to
provide an average internal temperature
which is 325°t5 °F (180.6+2.8 °C) higher than
the room ambient air temperature. This
shall be done by measuring the maximum
and minimum temperatures in any three
consecutive cut-off/cut-on actions of the gas
burners, excluding the initial cut-off/cut-on
action, by the thermostat after the tempera-
ture rise of 325°t5 °F (180.6 °+2.8 °C) has been
attained by the conventional gas oven. Re-
move the thermocouples after the thermo-
stat has been set.

2.5 Ambient room air temperature. During
the test, maintain an ambient room air tem-
perature, Tg, of 77°19 °F (25°t5 °C) for conven-
tional ovens and cooking tops, or as indi-
cated in Section 4, Paragraph 12.4 of IEC 705
Amendment 2 for microwave ovens, as meas-
ured at least 5 feet (1.5 m) and not more than
8 feet (2.4 m) from the nearest surface of the
unit under test and approximately 3 feet (0.9
m) above the floor. The temperature shall be
measured with a thermometer or tempera-
ture indicating system with an accuracy as
specified in Section 2.9.3.1.

2.6 Normal nonoperating temperature. All
areas of the appliance to be tested shall at-
tain the normal nonoperating temperature,
as defined in Section 1.6, before any testing
begins. The equipment for measuring the ap-
plicable normal nonoperating temperature
shall be as described in Sections 2.9.3.1,
2.9.3.2, 2.9.3.3, 2.9.3.4, and 2.9.3.5, as applica-
ble.

2.7 Test blocks for conventional oven and
cooking top. The test blocks shall be made of
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aluminum alloy No. 6061, with a specific heat
of 0.23 Btu/lb- °F (0.96 kJ/[kg + °C]) and with
any temper that will give a czoefficient of
thermal conductivity of 1073.3 to 1189.1 Btu-
in/h-ft2- °F (154.8 to 171.5 W/[m =+ °C]). Each
block shall have a hole at its top. The hole
shall be 0.08 inch (2.03 mm) in diameter and
0.80 inch (20.3 mm) deep. The manufacturer
conducting the test may provide other
means which will ensure that the thermo-
couple junction is installed at this same po-
sition and depth.

The bottom of each block shall be flat to
within 0.002 inch (0.051 mm) TIR (total indi-
cator reading). Determine the actual weight
of each test block with a scale with an accu-
racy as indicated in Section 2.9.5.

2.7.1 Conventional oven test block. The test
block for the conventional oven, W,, shall be
6.25£0.05 inches (158.8£1.3 mm) in diameter,
approximately 2.8 inches (71 mm) high and
shall weigh 8.5+0.1 Ibs (3.86+0.05 kg). The
block shall be finished with an anodic black
coating which has a minimum thickness of
0.001 inch (0.025 mm) or with a finish having
the equivalent absorptivity.

2.7.2 Small test block for conventional cook-
ing top. The small test block, W,, shall be
6.25+0.05 inches (158.8t1.3 mm) in diameter,
approximately 2.8 inches (71 mm) high and
shall weigh 8.5+0.1 Ibs (3.86+0.05 kg).

2.7.3 Large test block for conventional cook-
ing top. The large test block for the conven-
tional cooking top, W3, shall be 9+0.05 inches
(228.6+1.3 mm) in diameter, approximately 3.0
inches (76 mm) high and shall weigh 1940.1
Ibs (8.62+0.05 kg).

2.7.4 Thermocouple installation. Install the
thermocouple such that the thermocouple
junction (where the thermocouple contacts
the test block) is at the bottom of the hole
provided in the test block and that the ther-
mocouple junction makes good thermal con-
tact with the aluminum block. If the test
blocks are to be water cooled between tests
the thermocouple hole should be sealed, or
other steps taken, to insure that the thermo-
couple hole is completely dry at the start of
the next test. Provide a temperature indi-
cator system for measuring the test block
temperature with an accuracy as indicated
in Section 2.9.3.3.

2.7.5 Initial test block temperature. Main-
tain the initial temperature of the test
blocks, T;, within 4 °F (+2.2 °C) of the ambi-
ent room air temperature as specified in Sec-
tion 2.5. If the test block has been cooled (or
heated) to bring it to room temperature,
allow the block to stabilize for at least 2
minutes after removal from the cooling (or
heating) source, before measuring its initial
temperature.

2.8 Microwave oven test load.

2.8.1 Test container. The test container
shall be as specified in Section 4, Paragraph
12.2 of IEC 705 Amendment 2.
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2.8.2 Test water load. The test water load
shall be as specified in Section 4, Paragraph
12.1 of IEC 705 Amendment 2.

2.8.2.1 Test water load and test container
temperature. Before the start of the test, the
oven and the test container shall be at ambi-
ent temperature as specified in Section 4,
Paragraph 12.4 of IEC 705 Amendment 2. The
test water load shall be contained in a chill-
er (not the test container) and maintained at
18° + 1.8 °F (10° £ 1 °C) below the ambient
room temperature.

2.9 Instrumentation. Perform all test meas-
urements using the following instruments,
as appropriate:

2.9.1 Electrical Measurements.

2.9.1.1 Watt-hour meter. The watt-hour
meter for measuring the electrical energy
consumption of conventional ovens and
cooking tops shall have a resolution of 1
watt-hour (3.6 kJ) or less and a maximum
error no greater than 1.5 percent of the
measured value for any demand greater than
100 watts. The watt-hour meter for meas-
uring the energy consumption of microwave
ovens shall have a resolution of 0.1 watt-hour
(0.36 kJ) or less and a maximum error no
greater than 1.5 percent of the measured
value.

2.9.1.2 Watt meter. The watt meter used to
measure the conventional oven, conven-
tional range, range clock power or the power
input of the microwave oven shall have a res-
olution of 0.2 watt (0.2 J/s) or less and a max-
imum error no greater than 5 percent of the
measured value.

2.9.2 Gas Measurements.

2.9.2.1 Positive displacement meters. The gas
meter to be used for measuring the gas con-
sumed by the gas burners of the oven or
cooking top shall have a resolution of 0.01
cubic foot (0.28 L) or less and a maximum
error no greater than 1 percent of the meas-
ured value for any demand greater than 2.2
cubic feet per hour (62.3 L/h). If a positive
displacement gas meter is used for meas-
uring the gas consumed by the pilot lights, it
shall have a resolution of at least 0.01 cubic
foot (0.28 L) or less and have a maximum
error no greater than 2 percent of the meas-
ured value.

2.9.2.2 Flow meter. If a gas flow meter is
used for measuring the gas consumed by the
pilot lights, it shall be calibrated to have a
maximum error no greater than 1.5 percent
of the measured value and a resolution of 1
percent or less of the measured value.

2.9.3 Temperature measurement equipment.

2.9.3.1 Room temperature indicating system.
The room temperature indicating system
shall be as specified in Section 4, Paragraph
12.3 of IEC 705 Amendment 2 for microwave
ovens and Section 2.9.3.5 for ranges, ovens
and cooktops.

2.9.3.2 Temperature indicator system for
measuring conventional oven temperature. The
equipment for measuring the conventional
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oven temperature shall have an error no
greater than +4 °F (2.2 °C) over the range of
65° to 500 °F (18 °C to 260 °C).

2.9.3.3 Temperature indicator system for
measuring test block temperature. The system
shall have an error no greater than +2 °F
(1.1 °C) when measuring specific tempera-
tures over the range of 65° to 330 °F (18.3 °C
to 165.6 °C). It shall also have an error no
greater than 2 °F (1.1 °C) when measuring
any temperature difference up to 240 °F (133.3
°C) within the above range.

2.9.3.4 Test load temperatures. The ther-
mometer or other temperature measuring in-
strument used to measure the test water
load temperature shall be as specified in Sec-
tion 4, Paragraph 12.3 of IEC 705 Amendment
2. Use only one thermometer or other tem-
perature measuring device throughout the
entire test procedure.

2.9.3.5 Temperature indicator system for
measuring surface temperatures. The tempera-
ture of any surface of an appliance shall be
measured by means of a thermocouple in
firm contact with the surface. The tempera-
ture indicating system shall have an error no
greater than 1 °F (£0.6°C) over the range 65°
to 90 °F (18 °C to 32 °C).

2.9.4 Heating Value. The heating value of
the natural gas or propane shall be measured
with an instrument and associated readout
device that has a maximum error no greater
than +0.5% of the measured value and a reso-
lution of £0.2% or less of the full scale read-
ing of the indicator instrument. The heating
value of natural gas or propane must be cor-
rected for local temperature and pressure
conditions.

2.9.5 Scale. The scale used for weighing
the test blocks shall have a maximum error
no greater than 1 ounce (28.4 g). The scale
used for weighing the microwave oven test
water load shall be as specified in Section 4,
paragraph 12.3 of IEC 705 Amendment 2.

3. Test Methods and Measurements

3.1 Test methods.

3.1.1 Conventional oven. Perform a test by
establishing the testing conditions set forth
in Section 2, “TEST CONDITIONS,” of this
Appendix, and adjust any pilot lights of a
conventional gas oven in accordance with
the manufacturer’s instructions and turn off
the gas flow to the conventional cooking top,
if so equipped. Before beginning the test, the
conventional oven shall be at its normal
nonoperating temperature as defined in Sec-
tion 1.6 and described in Section 2.6. Set the
conventional oven test block W, approxi-
mately in the center of the usable baking
space. If there is a selector switch for select-
ing the mode of operation of the oven, set it
for normal baking. If an oven permits baking
by either forced convection by using a fan, or
without forced convection, the oven is to be
tested in each of those two modes. The oven
shall remain on for at least one complete
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thermostat ‘‘cut-off/cut-on’ of the electrical
resistance heaters or gas burners after the
test block temperature has increased 234 °F
(130 °C) above its initial temperature.

3.1.1.1 Self-cleaning operation of a conven-
tional oven. Establish the test conditions set
forth in Section 2, “TEST CONDITIONS,” of
this Appendix. Adjust any pilot lights of a
conventional gas oven in accordance with
the manufacturer’s instructions and turn off
the gas flow to the conventional cooking top.
The temperature of the conventional oven
shall be its normal nonoperating tempera-
ture as defined in Section 1.6 and described
in Section 2.6. Then set the conventional
oven’s self-cleaning process in accordance
with the manufacturer’s instructions. If the
self-cleaning process is adjustable, use the
average time recommended by the manufac-
turer for a moderately soiled oven.

3.1.1.2 Continuously burning pilot lights of a
conventional gas oven. Establish the test con-
ditions set forth in Section 2, “TEST CONDI-
TIONS,”” of this Appendix. Adjust any pilot
lights of a conventional gas oven in accord-
ance with the manufacturer’s instructions
and turn off the gas flow to the conventional
cooking top. If a positive displacement gas
meter is used the, test duration shall be suf-
ficient to measure a gas consumption which
is at least 200 times the resolution of the gas
meter.

3.1.2 Conventional cooking top. Establish
the test conditions set forth in Section 2,
“TEST CONDITIONS,” of this Appendix. Ad-
just any pilot lights of a conventional gas
cooking top in accordance with the manufac-
turer’s instructions and turn off the gas flow
to the conventional oven(s), if so equipped.
The temperature of the conventional cook-
ing top shall be its normal nonoperating
temperature as defined in Section 1.6 and de-
scribed in Section 2.6. Set the test block in
the center of the surface unit under test. The
small test block, W,, shall be used on electric
surface units of 7 inches (178 mm) or less in
diameter. The large test block, W3, shall be
used on electric surface units over 7 inches
(177.8 mm) in diameter and on all gas surface
units. Turn on the surface unit under test
and set its energy input rate to the max-
imum setting. When the test block reaches
144 °F (80 °C) above its initial test block tem-
perature, immediately reduce the energy
input rate to 25t5 percent of the maximum
energy input rate. After 15+0.1 minutes at
the reduced energy setting, turn off the sur-
face unit under test.

3.1.2.1 Continuously burning pilot lights of a
conventional gas cooking top. Establish the
test conditions set forth in Section 2, “TEST
CONDITIONS,” of this Appendix. Adjust any
pilot lights of a conventional gas cooking
top in accordance with the manufacturer’s
instructions and turn off the gas flow to the
conventional oven(s). If a positive displace-
ment gas meter is used, the test duration
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shall be sufficient to measure a gas consump-
tion which is at least 200 times the resolu-
tion of the gas meter.

3.1.3 Microwave oven.

3.1.3.1 Microwave oven test energy or power
output. Establish the testing conditions set
forth in Section 2, “TEST CONDITIONS,” of
this Appendix. Follow the test procedure as
specified in Section 4, Paragraph 12.4 of IEC
705 Amendment 2.

3.2 Test measurements.

3.2.1 Conventional oven test energy con-
sumption. If the oven thermostat controls the
oven temperature without cycling on and off,
measure the energy consumed, Eo, when the
temperature of the block reaches To (To is
234 °F (130 °C) above the initial block tem-
perature, T;). If the oven thermostat oper-
ates by cycling on and off, make the fol-
lowing series of measurements: Measure the
block temperature, T,, and the energy con-
sumed, EA, or volume of gas consumed, Va,
at the end of the last ““ON”’ period of the con-
ventional oven before the block reaches To.
Measure the block temperature, Ty, and the
energy consumed, Eg, or volume of gas con-
sumed, Vg, at the beginning of the next
““ON” period. Measure the block tempera-
ture, Tc, and the energy consumed, Ec, or
volume of gas consumed, V¢, at the end of
that ““ON” period. Measure the block tem-
perature, Tp, and the energy consumed, Ep,
or volume of gas consumed, Vp, at the begin-
ning of the following ‘““ON’ period. Energy
measurements for Eo, Ea, Eg, Ec and Ep,
should be expressed in watt-hours (kJ) for
conventional electric ovens and volume
measurements for V., Vi, Vc and Vp should
be expressed in standard cubic feet (L) of gas
for conventional gas ovens. For a gas oven,
measure in watt-hours (kJ) any electrical
energy, Eio, consumed by an ignition device
or other electrical components required for
the operation of a conventional gas oven
while heating the test block to To. The en-
ergy consumed by a continuously operating
clock that is an integral part of the timing
or temperature control circuit and cannot be
disconnected during the test may be sub-
tracted from the oven test energy to obtain
the test energy consumption, Eg or Ejo.

3.2.1.1 Conventional oven average test en-
ergy consumption. If the conventional oven
permits baking by either forced convection
or without forced convection and the oven
thermostat does not cycle on and off, meas-
ure the energy consumed with the forced
convection mode, (Eo);, and without the
forced convection mode, (Eo)., when the tem-
perature of the block reaches To (To is 234 °F
(130 °C) above the initial block temperature,
T)). If the conventional oven permits baking
by either forced convection or without forced
convection and the oven thermostat operates
by cycling on and off, make the following se-
ries of measurements with and without the
forced convection mode: Measure the block
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temperature, T, and the energy consumed,
Ea, or volume of gas consumed, V,, at the
end of the last ““ON” period of the conven-
tional oven before the block reaches To.
Measure the block temperature, Ty, and the
energy consumed, Eg, or volume of gas con-
sumed, Vg, at the beginning of the next
““ON”’ period. Measure the block tempera-
ture, T, and the energy consumed, Ec, or
volume of gas consumed, Vc, at the end of
that “ON”’ period. Measure the block tem-
perature, Tp, and the energy consumed, Ep,
or volume of gas consumed, Vp, at the begin-
ning of the following “ON’’ period. Energy
measurements for Eo, Ea, Eg, Ec and Ep
should be expressed in watt-hours (kJ) for
conventional electric ovens and volume
measurements for V., Vg, Vc and Vp should
be expressed in standard cubic feet (L) of gas
for conventional gas ovens. For a gas oven
that can be operated with or without forced
convection, measure in watt-hours (kJ) any
electrical energy consumed by an ignition
device or other electrical components re-
quired for the operation of a conventional
gas oven while heating the test block to To
using the forced convection mode, (Eio0):, and
without using the forced convection mode,
(Ei0)>- The energy consumed by a continu-
ously operating clock that is an integral
part of the timing or temperature control
circuit and cannot be disconnected during
the test may be subtracted from the oven
test energy to obtain the test energy con-
sumption, (Eo): and (Eo). or (Eio): and (Eio)a.

3.2.1.2 Energy consumption of self-cleaning
operation. Measure the energy consumption,
Es, in watt-hours (kJ) of electricity or the
volume of gas consumption, Vs, in standard
cubic feet (L) during the self-cleaning test
set forth in Section 3.1.1.1. For a gas oven,
also measure in watt-hours (kJ) any elec-
trical energy, Eis, consumed by ignition de-
vices or other electrical components re-
quired during the self-cleaning test. The en-
ergy consumed by a continuously operating
clock that is an integral part of the timing
or temperature control circuit and cannot be
disconnected during the test may be sub-
tracted from the self-cleaning test energy to
obtain the energy consumption, Es or E;s

3.2.1.3 Gas consumption of continuously
burning pilot lights. Measure the gas con-
sumption of the pilot lights, Vep, in standard
cubic feet (L) of gas and the test duration,
top, in hours for the test set forth in Section
3.1.1.2. If a gas flow rate meter is used, meas-
ure the flow rate, Qop, in standard cubic feet
per hour (L/h).

3.2.1.4 Clock power. If the conventional
oven or conventional range includes an elec-
tric clock which is on continuously, and the
power rating in watts (J/s) of this feature is
not known, measure the clock power, Pci, in
watts (J/s.) The power rating or measure-
ment of continuously operating clocks, that
are an integral part of the timing or tem-
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perature control circuits and cannot be dis-
connected during testing, shall be multiplied
by the applicable test period to calculate the
clock energy consumption, in watt-hours
(kJ), during a test. The energy consumed by
the clock during the test may then be sub-
tracted from the test energy to obtain the
specified test energy consumption value.

3.2.2 Conventional surface unit test energy
consumption. For the surface unit under test,
measure the energy consumption, Ecr, in
watt-hours (kJ) of electricity or the volume
of gas consumption, Vcr, in standard cubic
feet (L) of gas and the test block tempera-
ture, Ter, at the end of the 15 minute (re-
duced input setting) test interval for the test
specified in Section 3.1.2 and the total time,
ter, in hours, that the unit is under test.
Measure any electrical energy, Ei, con-
sumed by an ignition device of a gas heating
element in watt-hours (kJ). The energy con-
sumed by a continuously operating clock
that is an integral part of the timing or tem-
perature control circuit and cannot be dis-
connected during the test may be subtracted
from the cooktop test energy to obtain the
test energy consumption, Ecr or Ejc.

3.2.2.1 Gas consumption of continuously
burning pilot lights. If the conventional gas
cooking top under test has one or more con-
tinuously burning pilot lights, measure the
gas consumed during the test by the pilot
lights, Vcp, in standard cubic feet (L) of gas,
and the test duration, tcp, in hours as speci-
fied in Section 3.1.2.1. If a gas flow rate
meter is used, measure the flow rate, Qcp, in
standard cubic feet per hour (L/h).

3.2.3 Microwave oven test energy consump-
tion and power input. Measurements are to be
made as specified in Section 4, Paragraphs
12.4 and 13 of IEC 705 and Amendment 2.
Measure the electrical input energy, Eu, in
watt-hours (kJ) consumed by the microwave
oven during the test. Repeat the tests three
times unless the power output value result-
ing from the second measurement is within
1.5% of the value obtained from the first
measurement as stated in Section 4, Para-
graphs 12.6 of IEC 705 Amendment 2. (See 10
CFR 430.22.)

3.3 Recorded values.

3.3.1 Record the test room temperature,
Tg, at the start and end of each range, oven
or cooktop test, as determined in Section 2.5.

3.3.2 Record measured test block weights
Wi, W,, and W3 in pounds (kg).

3.3.3 Record the initial temperature, T,
of the test block under test.

3.3.4 For a conventional oven with a ther-
mostat which operates by cycling on and off,
record the conventional oven test measure-
ments Ta, Ea, Tg, Eg, Tc, Ec, Tp, and Ep for
conventional electric ovens or Ta, Va, Tg,
Vs, Tc, Ve, Tp, and Vp for conventional gas
ovens. If the thermostat controls the oven
temperature without cycling on and off,
record Eo. For a gas oven which also uses
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electrical energy for the ignition or oper-
ation of the oven, also record Ejo.

3.3.5 For a conventional oven that can be
operated with or without forced convection
and the oven thermostat controls the oven
temperature without cycling on and off,
measure the energy consumed with the
forced convection mode, (Eo):, and without
the forced convection mode, (Eo).. If the con-
ventional oven operates with or without
forced convection and the thermostat con-
trols the oven temperature by cycling on and
off, record the conventional oven test meas-
urements Ta, Ea, Ts, Eg, T¢, Ec, Tp, and Ep
for conventional electric ovens or Ta, Va, Ts,
Vs, Te, Ve, Tp, and Vp for conventional gas
ovens. For a gas oven that can be operated
with or without forced convection, measure
any electrical energy consumed by an igni-
tion device or other electrical components
used during the forced convection mode,
(Ei0)1, and without using the forced convec-
tion mode, (Eio)2.

3.3.6 Record the measured energy con-
sumption, Es, or gas consumption, Vs, and
for a gas oven, any electrical energy, Eis, for
the test of the self-cleaning operation of a
conventional oven.

3.3.7 Record the gas flow rate, Qop; Or the
gas consumption, Vep, and the elapsed time,
tor, that any continuously burning pilot
lights of a conventional oven are under test.

3.3.8 Record the clock power measure-
ment or rating, Pc., in watts (J/s), except for
microwave oven tests.

3.3.9 For the surface unit under test,
record the electric energy consumption, Ecr,
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or the gas volume consumption, Vcr, the
final test block temperature, Tcr, the total
test time, tcer. For a gas cooking top which
uses electrical energy for ignition of the
burners, also record Ejc.

3.3.10 Record the gas flow rate, Qcp; Or the
gas consumption, Vcp, and the elapsed time,
tcp, that any continuously burning pilot
lights of a conventional gas cooking top are
under test.

3.3.11 Record the heating value, H,, as de-
termined in Section 2.2.2.2 for the natural
gas supply.

3.3.12 Record the heating value, H,, as de-
termined in Section 2.2.2.3 for the propane
supply.

3.3.13 Record the electrical input energy
and power input, Ey and Py, for the micro-
wave oven test; the initial and final tempera-
ture, T, and T,, of the test water load; the
mass of the test container before filling with
the test water load and the mass of the test
water load, Mc and My respectively; and the
measured room temperature, T,; as deter-
mined in Section 3.2.3.

4. Calculation of Derived Results From Test
Measurements

4.1 Conventional oven.

4.1.1 Test energy consumption. For a con-
ventional oven with a thermostat which op-
erates by cycling on and off, calculate the
test energy consumption, Eo, expressed in
watt-hours (kJ) for electric ovens and in
Btu’s (kJ) for gas ovens, and defined as:

TO _TAB
Eo=Ep+|| o — ><(ECD _EAB)
TCD _TAB
for electric ovens, and,
TO _TAB
Eo =(Vap xH)+ T 7. X (Vep = Vap ) xH
CD ~ 'AB
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For gas ovens

Where:

H = either H, or H,, the heating value of the
gas used in the test as specified in Section
2.2.2.2 and Section 2.2.2.3, expressed in
Btu’s per standard cubic foot (kJ/L).

To = 234 °F (130 °C) plus the initial test block
temperature.

and,

B :(EA+EB)’ :(EC+ED)
AB 2 CD 2

v =(VA+VB), =(VC+VD)
AB ) CD )

T =(TA+TB)’ =(TC+TD)
AB 9 CD 9

Where:

Ta = block temperature in °F (°C) at the end
of the last ““ON”’ period of the conventional
oven before the test block reaches To.

T = block temperature in °F (°C) at the be-
ginning of the ““ON”’ period following the
measurement of Ta.

Tc = block temperature in °F (°C) at the end
of the **“ON”’ period which starts with Tg.
Tp = block temperature in °F (°C) at the be-
ginning of the ““ON”’ period which follows

the measurement of Tc.

Ea = electric energy consumed in Wh (kJ) at
the end of the last ““ON’’ period before the
test block reaches To.

Eg = electric energy consumed in Wh (kJ) at
the beginning of the ““ON’’ period following
the measurement of Ta.

Ec = electric energy consumed in Wh (kJ) at
the end of the ““ON” period which starts
with Tg.

Ep = electric energy consumed in Wh (kJ) at
the beginning of the ‘““ON”’ period which
follows the measurement of Tc.

VA = volume of gas consumed in standard
cubic feet (L) at the end of the last “ON”’
period before the test block reaches To.

Ve = volume of gas consumed in standard
cubic feet (L) at the beginning of the “ON”’
period following the measurement of Ta.

Ve = volume of gas consumed in standard
cubic feet (L) at the end of the ““ON”’ pe-
riod which starts with Ts.

Vp = volume of gas consumed in standard
cubic feet (L) at the beginning of the ““ON”’
period which follows the measurement of
Te.

The energy consumed by a continuously
operating clock that cannot be disconnected
during the test may be subtracted from the
oven test energy to obtain the oven test en-
ergy consumption, Eo.

4.1.1.1 Average test energy consumption. If
the conventional oven can be operated with
or without forced convection, determine the

10 CFR Ch. Il (1-1-05 Edition)

average test energy consumption, Eo and
Eio, in watt-hours (kJ) for electric ovens and
Btu’s (kJ) for gas ovens using the following
equations:

(EO )1 + (EO)z
2
(E10)1 + (EIO)Z
2

EO=

Epp =

Where:

(Eo)i=test energy consumption using the
forced convection mode in watt-hours (kJ)
for electric ovens and in Btu’s (kJ) for gas
ovens as measured in Section 3.2.1.1.

(Eo).=test energy consumption without using
the forced convection mode in watt-hours
(kJ) for electric ovens and in Btu’s (kJ) for
gas ovens as measured in Section 3.2.1.1.

(Eio)i=electrical energy consumption in
watt-hours (kJ) of a gas oven in forced con-
vection mode as measured in Section
3.2.1.1. (Eio).=electrical energy consump-
tion in watt-hours (kJ) of a gas oven with-
out using the forced convection mode as
measured in Section 3.2.1.1.

The energy consumed by a continuously
operating clock that cannot be disconnected
during the test may be subtracted from the
oven test energy to obtain the average test
energy consumption Ep and Ejo.

4.1.2 Conventional oven annual energy con-

sumption.
4.1.2.1. Annual cooking energy consumption.
4.1.2.1.1. Annual primary energy consump-

tion. Calculate the annual primary energy
consumption for cooking, Eco, expressed in
kilowatt-hours (kJ) per year for electric
ovens and in Btu’s (kJ) per year for gas
ovens, and defined as:

Eo xK, X0 .
Eco = —2-—2""09 for electric ovens,
W xC, xTg

Where:

E o=test energy consumption as measured in
Section 3.2.1 or as calculated in Section
4.1.1 or Section 4.1.1.1.

K .=3.412 Btu/Wh (3.6 kJ/Wh,) conversion fac-
tor of watt-hours to Btu’s.

O 0=29.3 kWh (105,480 kJ) per year, annual
useful cooking energy output of conven-
tional electric oven.

W ;=measured weight of test block in pounds
(k).

C ,=0.23 Btu/lb-°F (0.96 kJ/kg + °C), specific
heat of test block.

T =234 °F (130 °C), temperature rise of test
block.
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Eq xOgq

= ————— for gas ovens,
W, xC, xTg

ECO

Where:

Eo=test energy consumption as measured in
Section 3.2.1. or as calculated in Section
4.1.1 or Section 4.1.1.1.

00=88.8 kBtu (93,684 kJ) per year, annual use-
ful cooking energy output of conventional
gas oven.

Wi, C, and Ts are the same as defined above.

4.1.2.1.2 Annual secondary energy consump-
tion for cooking of gas ovens. Calculate the an-
nual secondary energy consumption for
cooking, Eso, expressed in kilowatt-hours
(kJ) per year and defined as:

Ejo XK, XOg

E —
50 W, xC, xTg

Where:

Eio=electrical test energy consumption as
measured in Section 3.2.1 or as calculated
in Section 4.1.1.1.

00=29.3 kWh (105,480 kJ) per year, annual
useful cooking energy output.

K., Wi, C,, and Ts are as defined in Section
4.1.2.1.1.

4.1.2.2 Annual energy consumption of any
continuously burning pilot lights. Calculate
the annual energy consumption of any con-
tinuously burning pilot lights, Epo, expressed
in Btu’s (kJ) per year and defined as:

Ero=QorxHx(A —B),

or,
V,
Epp = —2 xHx(A-B)
top
Where:

Qopr=pilot gas flow rate in standard cubic feet
per hour (L/h), as measured in Section
3.2.1.3.

Vop=standard cubic feet (L) of gas consumed
by any continuously burning pilot lights,
as measured in Section 3.2.1.3.

tor=elapsed test time in hours for any con-
tinuously burning pilot lights tested, as
measured in Section 3.2.1.3.

H=H, or H,, the heating value of the gas used
in the test as specified in Section 2.2.2.2
and Section 2.2.2.3 in Btu’s per standard
cubic foot (kJ/L).

A=8,760, number of hours in a year.

B=300, number of hours per year any continu-
ously burning pilot lights contribute to the
heating of an oven for cooking food.

4.1.2.3 Annual conventional oven self-clean-
ing energy.

4.1.2.3.1 Annual primary energy consump-
tion. Calculate the annual primary energy

Pt. 430, Subpt. B, App. |

consumption for conventional oven self-
cleaning operations, Esc, expressed in Kkilo-
watt-hours (kJ) per year for electric ovens
and in Btu’s (kJ) for gas ovens, and defined
as:

Esc=EsxSxK, for electric ovens,

Where:

Es=energy consumption in watt-hours, as
measured in Section 3.2.1.2.

S.=4, average number of times a self-cleaning
operation of a conventional electric oven is
used per year.

K=0.001 kWh/Wh conversion factor for watt-
hours to kilowatt-hours.

or
Esc=VsxHxS,, for gas ovens,

Where:

Vs=gas consumption in standard cubic feet
(L), as measured in Section 3.2.1.2.

H=H, or H,, the heating value of the gas used
in the test as specified in Section 2.2.2.2
and Section 2.2.2.3 in Btu’s per standard
cubic foot (kJ/L).

S.=4, average number of times a self-clean-
ing operation of a conventional gas oven is
used per year.

The energy consumed by a continuously
operating clock that cannot be disconnected
during the self-cleaning test procedure may
be subtracted from the test energy to obtain
the test energy consumption, Egc.

4.1.2.3.2 Annual secondary energy consump-
tion for self-cleaning operation of gas ovens.
Calculate the annual secondary energy con-
sumption for self-cleaning operations of a
gas oven, Ess, expressed in Kkilowatt-hours
(kJ) per year and defined as:

Ess=Eis x Sy x K,
Where:

Eis=electrical energy consumed during the
self-cleaning operation of a conventional
gas oven, as measured in Section 3.2.1.2.

S.=4, average number of times a self-clean-
ing operation of a conventional gas oven is
used per year.

K=0.001 kWh/Wh conversion factor for watt-
hours to kilowatt-hours.

4.1.2.4 Annual clock energy consumption.
Calculate the annual energy consumption of
any constantly operating electric clock, Ec,
expressed in kilowatt-hours (kJ) per year
and defined as:

EcL = PoL XA XK,
Where:

Pc=power rating of clock which is on con-
tinuously, in watts, as measured in Section
3.2.1.4.

A=8,760, number of hours in a year.

K=0.001 kWh/Wh conversion factor for watt-
hours to kilowatt-hours.
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4.1.2.,5 Total annual energy consumption of a
single conventional oven.

4.1.2.5.1 Conventional electric oven energy
consumption. Calculate the total annual en-
ergy consumption of a conventional electric
oven, Eao, expressed in kilowatt-hours (kJ)
per year and defined as:

Eao=Eco+EsctEct,
Where:

Eco=annual primary cooking energy con-
sumption as determined in Section 4.1.2.1.1.

Esc=annual primary self-cleaning energy
consumption as determined in Section
4.1.2.3.1.

Eci.=annual clock energy consumption as de-
termined in Section 4.1.2.4.

4.1.2.5.2 Conventional gas oven energy con-
sumption. Calculate the total annual gas en-
ergy consumption of a conventional gas
oven, Eaoc, expressed in Btu’s (kJ) per year
and defined as:

Eaoc=Eco+Esc+Ero,
Where:

Eco=annual primary cooking energy con-
sumption as determined in Section 4.1.2.1.1.

Epo=annual pilot light energy consumption
as determined in Section 4.1.2.2.

Esc=annual primary self-cleaning energy
consumption as determined in Section
4.1.2.3.1.

If the conventional gas oven uses electrical
energy, calculate the total annual electrical
energy consumption, Eaor, expressed in kilo-
watt-hours (kJ) per year and defined as:

Eaoe=Eso+Ess+EcL,

Where:

Eso=annual secondary cooking energy con-
sumption as determined in Section 4.1.2.1.2.

Ess=annual secondary self-cleaning energy
consumption as determined in Section
4.1.2.3.2.

Eci =annual clock energy consumption as de-
termined in Section 4.1.2.4.

4.1.2.6. Total annual energy consumption of
multiple conventional ovens. If the cooking ap-
pliance includes more than one conventional
oven, calculate the total annual energy con-
sumption of the conventional ovens using
the following equations:

4.1.2.6.1 Conventional electric oven energy
consumption. Calculate the total annual en-
ergy consumption, ETO, in kilowatt-hours
(kJ) per year and defined as:

Eto = Eaco + Easc + Ect,

Where:

l n
Eaco =Hz Eco

10 CFR Ch. Il (1-1-05 Edition)

is the average annual primary energy con-

sumption for cooking,

and where:

n = number of conventional
basic model.

Eco = annual primary energy consumption
for cooking as determined in Section
4.1.2.1.1.

ovens in the

E Asc :_Z(ESC)
i=l1
average annual self-cleaning energy con-
sumption,

Where:

n = number of self-cleaning conventional
ovens in the basic model.

Esc = annual primary self-cleaning energy
consumption as determined according to
Section 4.1.2.3.1.

Eci. = clock energy consumption as deter-
mined according to Section 4.1.2.4.

4.1.2.6.2 Conventional gas oven energy con-
sumption. Calculate the total annual gas
energy consumption, Erog, in Btu’s (kJ)
per year and defined as:

Etoc = Eaco + Easc + Etro,
Where:

Eaco = average annual primary energy con-
sumption for cooking in Btu’s (kJ) per
year and is calculated as:

1 n
Eaco =Hz Eco

Where:

n = number of conventional
basic model.

Eco = annual primary energy consumption

ovens in the

for cooking as determined in Section
4.1.2.1.1.
and,

Easc = average annual self-cleaning energy
consumption in Btu’s (kJ) per year and is
calculated as:

1 n
E asc :_Z(Esc)i’
g
Where:
n = number of self-cleaning conventional
ovens in the basic model.
Esc = annual primary self-cleaning energy
consumption as determined according to
Section 4.1.2.3.1.

n
Epo = X (Epo);’
i=l1
total energy consumption of any pilot lights,
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Where:

Ero = annual energy consumption of any con-
tinuously burning pilot lights determined
according to Section 4.1.2.2.

n = number of pilot lights in the basic model.

If the oven also uses electrical energy, cal-
culate the total annual electrical energy
consumption, Erog, in Kilowatt-hours (kJ)
per year and defined as:

Etor = Easo + Eaas + EcL,

Where:

1 n
Easo = HZ(ESO)i’
i=1

is the average annual secondary energy con-
sumption for cooking,

Where:

n=number of conventional ovens in the basic
model.

Eso=annual secondary energy consumption
for cooking of gas ovens as determined in
Section 4.1.2.1.2.

1 n
Eaxs = ;Z(Ess)i’

i=1
is the average annual secondary self-clean-
ing energy consumption,
Where:

n=number of self-cleaning ovens in the basic
model.

Ess=annual secondary self-cleaning energy
consumption of gas ovens as determined in
Section 4.1.2.3.2.

Eci =annual clock energy consumption as de-
termined in Section 4.1.2.4.

4.1.3 Conventional oven cooking efficiency.

4.1.3.1 Single conventional oven. Calculate
the conventional oven cooking efficiency,
Effao, using the following equations:

For electric ovens:

W, xC, xTg
EffAO = )
Eq XK,
and,
For gas ovens:
W, xC_ XT
Effyg=—0 25 .

Where:

W;=measured weight of test block in pounds
(kg).

C,=0.23 Btu/lb-°F (0.96 kJ/kg+ °C), specific
heat of test block.

Ts=234 °F (130 °C), temperature rise of test
block.
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Eo=test energy consumption as measured in
Section 3.2.1 or calculated in Section 4.1.1
or Section 4.1.1.1.

K.=3.412 Btu/Wh (3.6 kJ/Wh), conversion fac-
tor for watt-hours to Btu’s.

Eio=electrical test energy consumption ac-
cording to Section 3.2.1 or as calculated in
Section 4.1.1.1.

4.1.3.2 Multiple conventional ovens. If the
cooking appliance includes more than one
conventional oven, calculate the cooking ef-
ficiency for all of the conventional ovens in

the appliance, Effro, using the following
equation:
n
Bffro = ————
> g
S\ Effyo ),
Where:

n=number of conventional ovens in the cook-
ing appliance.

Effso=cooking efficiency of each oven deter-
mined according to Section 4.1.3.1.

4.1.4 Conventional oven energy factor. Cal-
culate the energy factor, or the ratio of use-
ful cooking energy output to the total en-
ergy input, Ro, using the following equa-
tions:

0
Ry =—2
EAO

s

For electric ovens,

Where:

00=29.3 kWh (105,480 kJ) per year, annual
useful cooking energy output.

Eao=total annual energy consumption for
electric ovens as determined in Section
4.1.2.5.1.

For gas ovens:
O0

R = ’
© Exoc +(EAOE XKe)

Where:

00=88.8 kBtu (93,684 kJ) per year, annual use-
ful cooking energy output.

Eaoc=total annual gas energy consumption
for conventional gas ovens as determined
in Section 4.1.2.5.2.

Eaoe=total annual electrical energy con-
sumption for conventional gas ovens as de-
termined in Section 4.1.2.5.2.

K.=3,412 Btu/kWh (3,600 kJ/kWh), conversion
factor for kilowatt-hours to Btu’s.

4.2 Conventional cooking top

4.2.1 Conventional cooking top cooking effi-
ciency

4.2.1.1 Electric surface unit cooking effi-
ciency. Calculate the cooking efficiency,
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Effsy, of the electric surface unit under test,
defined as:

T
Effgy = WxC, x| —2— |
K. XEcr

Where:

W=measured weight of test block, W, or W3,
expressed in pounds (kg).

C,=0.23 Btu/lb-°F (0.96 kJ/kg+ °C), specific
heat of test block.

Tsu=temperature rise of the test block: final
test block temperature, Tcr, as determined
in Section 3.2.2, minus the initial test
block temperature, T, expressed in °F (°C)
as determined in Section 2.7.5.

K.=3.412 Btu/Wh (3.6 kJ/Wh), conversion fac-
tor of watt-hours to Btu’s.

Ecr=measured energy consumption, as deter-
mined according to Section 3.2.2, expressed
in watt-hours (kJ).

The energy consumed by a continuously
operating clock that cannot be disconnected
during the cooktop test may be subtracted
from the energy consumption, Ecr, as deter-
mined in Section 3.2.2.

4.2.1.2 Gas surface unit cooking efficiency.
Calculate the cooking efficiency, Effsy, of
the gas surface unit under test, defined as:

W, xCp X T,
Effg =%,

Where:

Wsi=measured weight of test block as meas-
ured in Section 3.3.2, expressed in pounds
(kg).

C, and Tsy are the same as defined in Section
4.2.1.1.

and,
E=[Vcr — VerxH] + (EicxKe),
Where:

Vcer=total gas consumption in standard cubic
feet (L) for the gas surface unit test as
measured in Section 3.2.2.

Eic=electrical energy consumed in watt-
hours (kJ) by an ignition device of a gas
surface unit as measured in Section 3.2.2.

K.=3.412 Btu/Wh (3.6 kJ/Wh), conversion fac-
tor of watt-hours to Btu’s.

H=either H, or H,, the heating value of the
gas used in the test as specified in Section
2.2.2.2 and Section 2.2.2.3, expressed in
Btu’s per standard cubic foot (kJ/L) of gas.

Vcp=QcpXxtcr, pilot consumption, in standard
cubic feet (L), during unit test,

Where:

tcr=the elapsed test time as defined in Sec-
tion 3.2.2.

and

10 CFR Ch. Il (1-1-05 Edition)

Qep = &,
CP —
tep

(pilot flow in standard cubic feet per hour)

Where:

Vcp=any pilot lights gas consumption defined
in Section 3.2.2.1.

tep=elapsed time of the cooking top pilot
lights test as defined in Section 3.2.2.1.

4.2.1.3 Conventional cooking top cooking ef-
ficiency. Calculate the conventional cooking
top cooking efficiency, Effcr, using the fol-
lowing equation:

l n
Effor = HZ(EffSU)i,

i=1
Where:
n=number of surface units in the cooking
top.
Effsu=the efficiency of each of the surface
units, as determined according to Section
4.2.1.1 or Section 4.2.1.2.

4.2.2 Conventional cooking top annual en-
ergy consumption.

4.2.2.1 Conventional electric cooking top en-
ergy consumption. Calculate the annual en-
ergy consumption of an electric cooking top,
Eca, Iin Kilowatt-hours (kJ) per year, defined
as:

Where:

Ocr=173.1 kWh (623,160 kJ) per year, annual
useful cooking energy output.

Effcr=conventional cooking top cooking effi-
ciency as defined in Section 4.2.1.3.

4.2.2.2 Conventional gas cooking top

4.2.2.2.1 Annual cooking energy consump-
tion. Calculate the annual energy consump-
tion for cooking, Ecc, in Btu’s (kJ) per year
for a gas cooking top, defined as:

Ocr |
Eff

Ece =

Where:

Ocr=527.6 kBtu (556,618 kJ) per year, annual
useful cooking energy output.

Effcr=the gas cooking top efficiency as de-
fined in Section 4.2.1.3.

4.2.2.2.2 Annual energy consumption of any
continuously burning gas pilots. Calculate
the annual energy consumption of any con-
tinuously burning gas pilot lights of the
cooking top, Epc, in Btu’s (kJ) per year, de-
fined as:

Epc=QcpxAxH,
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Where:

Qcp=pilot light gas flow rate as measured in
Section 3.2.2.1.

A=8,760 hours, the total number of hours in a
year.

H=either H, or H,, the heating value of the
gas used in the test as specified in Section
2.2.2.2. and Section 2.2.2.3, expressed in
Btu’s per standard cubic foot (kJ/L) of gas.

4.2.2.2.3 Total annual energy consumption of
a conventional gas cooking top. Calculate the
total annual energy consumption of a con-
ventional gas cooking top, Eca, in Btu’s (kJ)
per year, defined as:

Eca=Ecc + Erc,
Where:

Ecc=energy consumption for cooking as de-
termined in Section 4.2.2.2.1.

Epc=annual energy consumption of the pilot
lights as determined in Section 4.2.2.2.2.

4.2.3 Conventional cooking top energy factor.
Calculate the energy factor or ratio of useful
cooking energy output for cooking to the
total energy input, Rcr, as follows:

For an electric cooking top, the energy
factor is the same as the cooking efficiency
as determined according to Section 4.2.1.3.

For gas cooking tops,

_OCT
Ry =——
“TTE
CA
Where:

Oc1=527.6 kBtu (556,618 kJ) per year, annual
useful cooking energy output of cooking
top.

Eca=total annual energy consumption of
cooking top determined according to Sec-
tion 4.2.2.2.3.

4.3 Combined components. The annual en-
ergy consumption of a kitchen range, e.g. a
cooktop and oven combined, shall be the sum
of the annual energy consumption of each of
its components. The annual energy consump-
tion for other combinations of ovens,
cooktops and microwaves will also be treat-
ed as the sum of the annual energy consump-
tion of each of its components. The energy
factor of a combined component is the sum
of the annual useful cooking energy output
of each component divided by the sum of the
total annual energy consumption of each
component.

4.4 Microwave oven.

4.4.1 Microwave oven test energy output.
Calculate the microwave oven test energy
output, Er, in watt-hour’s (kJ). The calcula-
tion is repeated two or three times as re-
quired in section 3.2.3. The average of the
Er’s is used for a calculation in section 4.4.3.
For calculations specified in units of energy
[watt-hours (kJ)], use the equation below:
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. C, My (T, = T;)+CcMc(T, - Ty)
;=
K

€

Where:

Mw=the measured mass of the test water
load, in pounds (g).

Mc=the measured mass of the test container
before filling with test water load, in
pounds (g).

T,=the initial test water load temperature,
in °F (°C).

T,=the final test water load temperature, in
°F (°C).

To=the measured ambient room temperature,
in °F (°C).

Cc=0.210 Btu/lb—°F (0.88 kJ/kg - °C), specific
heat of test container.

C,=1.0 Btu/lb—°F (4.187 kJ/kg -
heat of water.

K.=3,412 Btu/kWh (3,600 kJ/kWh) conversion
factor of kilowatt-hours to Btu’s.

°C), specific

4.4.2 Microwave oven test power output. Cal-
culate the microwave oven test power out-
put, Pr, in watts (J/s) as specified in Section
four, paragraph 12.5 of IEC 705 Amendment 2
See Section 430.22. The calculation is re-
peated for each test as required in section
3.2.3. The average of the two or three Pr’s is
used for calculations in section 4.4.4. (See 10
CFR 430.22)

4.4.3 Microwave oven annual energy con-
sumption. Calculate the microwave oven an-
nual energy consumption, E.., in KWh’s per
year, defined as:

Eym X0y

E =
MO ET

Where:

Em=the energy consumption as defined in
Section 3.2.3.

OMm=79.8 kWh (287,280 kJ) per year, the micro-
wave oven annual useful cooking energy
output.

Er=the test energy as calculated in Section
4.4.1.

4.4.4 Microwave oven cooking efficiency. Cal-
culate the microwave oven cooking effi-
ciency, Effuo, as specified in Section four,
paragraph 14 of 1EC 705.

4.4.5 Microwave oven energy factor. Calculate
the energy factor or the ratio of the useful
cooking energy output to total energy
input on a yearly basis, Rumo, defined as:

OM
RMO = _E 9
MO
Where:

OMm=79.8 kWh (287,280 kJ) per year, annual
useful cooking energy output.
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Emo=annual total energy consumption as de-
termined in Section 4.4.3.

[62 FR 51981, Oct. 3, 1997]

APPENDIX J TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF AUTOMATIC AND SEMI-AUTO-
MATIC CLOTHES WASHERS

The provisions of this appendix J shall
apply to products manufactured after April
13, 2001. The procedures and calculations in
sections 3.3, 4.3, and 4.4 of this Appendix need
not be performed to determine compliance
with the energy conservation standards for
clothes washers.

1. Definitions

1.1 Adaptive control system means a clothes
washer control system, other than an adapt-
ive water fill control system, which is capa-
ble of automatically adjusting washer oper-
ation or washing conditions based on charac-
teristics of the clothes load placed in the
clothes container, without allowing or re-
quiring consumer intervention or actions.
The automatic adjustments may, for exam-
ple, include automatic selection, modifica-
tion, or control of any of the following: wash
water temperature, agitation or tumble
cycle time, number of rinse cycles, and spin
speed. The characteristics of the clothes
load, which could trigger such adjustments,
could, for example, consist of or be indicated
by the presence of either soil, soap, suds, or
any other additive laundering substitute or
complementary product.

NoTE: Appendix J does not provide a means
for determining the energy consumption of a
clothes washer with an adaptive control sys-
tem. Therefore, pursuant to 10 CFR 430.27, a
waiver must be obtained to establish an ac-
ceptable test procedure for each such clothes
washer.

1.2 Adaptive water fill control system means
a clothes washer water fill control system
which is capable of automatically adjusting
the water fill level based on the size or
weight of the clothes load placed in the
clothes container, without allowing or re-
quiring consumer intervention and/or ac-
tions.

1.3 Bone-dry means a condition of a load
of test cloth which has been dried in a dryer
at maximum temperature for a minimum of
10 minutes, removed and weighed before cool
down, and then dried again for 10-minute pe-
riods until the final weight change of the
load is 1 percent or less.

1.4 Clothes container means the compart-
ment within the clothes washer that holds
the clothes during operation of the machine.
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1.5 Compact means a clothes washer which
has a clothes container capacity of less than
1.6 ft3 (45 L).

1.6 Deep rinse cycle means a rinse cycle in
which the clothes container is filled with
water to a selected level and the clothes load
is rinsed by agitating it or tumbling it
through the water.

1.7 Front-loader clothes washer means a
clothes washer which sequentially rotates or
tumbles portions of the clothes load above
the water level allowing the clothes load to
fall freely back into the water. The principal
axis of the clothes container is in a hori-
zontal plane and the access to the clothes
container is through the front of the ma-
chine.

1.8 Lockout means that at least one wash/
rinse water temperature combination is not
available in the normal cycle that is avail-
able in another cycle on the machine.

1.9 Make-up water means the amount of
fresh water needed to supplement the
amount of stored water pumped from the ex-
ternal laundry tub back into the clothes
washer when the suds-return feature is acti-
vated in order to achieve the required water
fill level in the clothes washer.

1.10 Modified energy factor means the
quotient of the cubic foot (or liter) capacity
of the clothes container divided by the total
clothes washer energy consumption per
cycle, with such energy consumption ex-
pressed as the sum of the machine electrical
energy consumption, the hot water energy
consumption, and the energy required for re-
moval of the remaining moisture in the wash
load.

1.11 Most energy intensive cycle means the
non-normal cycle that uses the most energy
for a given wash/rinse temperature combina-
tion.

1.12 Non-normal cycle means a cycle other
than the normal cycle, but does not include
any manually selected pre-wash, pre-soak,
and extra-rinse option.

1.13 Nonwater-heating clothes washer
means a clothes washer which does not have
an internal water heating device to generate
hot water.

1.14 Normal cycle means the cycle rec-
ommended by the manufacturer for washing
cotton and/or linen clothes.

1.15 Sensor filled means a water fill control
which automatically terminates the fill
when the water reaches an appropriate level
in the tub.

1.16 Spray rinse cycle means a rinse cycle
in which water is sprayed onto the clothes
load for a definite period of time without
maintaining any specific water level in the
clothes container.

1.17 Standard means a clothes washer
which has a clothes container capacity of 1.6
ft3 (45 L) or greater.

1.18 Suds-return means a feature or option
on a clothes washer which causes the stored
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wash water obtained by utilizing the suds-
saver feature to be pumped from the external
laundry tub back into the clothes washer.

1.19 Suds-saver means a feature or option
on a clothes washer which allows the user to
store used wash water in an external laundry
tub for use with subsequent wash loads.

1.20 Temperature use factor means the per-
centage of the total number of washes a user
would wash with a particular wash/rinse
temperature setting.

1.21 Thermostatically controlled water valves
means clothes washer controls that have the
ability to sense and adjust the hot and cold
supply water.

1.22 Time filled means a water fill control
which uses a combination of water flow con-
trols in conjunction with time to terminate
the water fill cycle.

1.23 Top-loader-horizontal-axis clothes
washer means a clothes washer which: ro-
tates or tumbles portions of the clothes load
above the water level allowing the clothes
load to fall freely back into the water with
the principal axis in a horizontal plane and
has access to the clothes container through
the top of the clothes washer.

1.24 Top-loader-vertical-axis clothes washer
means a clothes washer that: flexes and os-
cillates the submerged clothes load through
the water by means of mechanical agitation
or other movement; has a clothes container
with the principal axis in a vertical plane;
and has access to the clothes container
through the top of the clothes washer.

1.25 Water consumption factor means the
quotient of the total weighted per-cycle
water consumption divided by the capacity
of the clothes washer.

1.26 Water-heating clothes washer means a
clothes washer where some or all of the hot
water for clothes washing is generated by a
water heating device internal to the clothes
washer.

2. Testing Conditions

2.1 Installation. Install the clothes washer
in accordance with manufacturer’s instruc-
tions.

2.2 Electrical energy supply. Maintain the
electrical supply at the clothes washer ter-
minal block within 2 percent of 120, 120/240 or
120/208Y volts as applicable to the particular
terminal block wiring system as specified by
the manufacturer. If the clothes washer has
a dual voltage conversion capability, con-
duct the test at the highest voltage specified
by the manufacturer.

2.3 Supply water. For nonwater-heating
clothes washers not equipped with
thermostatically controlled water valves,
the temperature of the hot and cold water
supply shall be maintained at 100 °F+10 °F
(37.8 °C45.5 °C). For nonwater-heating clothes
washers equipped with thermostatically con-
trolled water valves, the temperature of the
hot water supply shall be maintained at 140

Pt. 430, Subpt. B, App. J

°Ft5 °F (60.0 °C+2.8 °C) and the cold water
supply shall be maintained at 60 °F+5 °F (15.6
°C+2.8 °C). For water-heating clothes wash-
ers, the temperature of the hot water supply
shall be maintained at 140 °F#5 °F (60.0 °C+2.8
°C) and the cold water supply shall not ex-
ceed 60 °F (15.6 °C). Water meters shall be in-
stalled in both the hot and cold water lines
to measure water consumption.

2.3.1 Supply water requirements for water
and energy consumption testing. For nonwater-
heating clothes washers not equipped with
thermostatically controlled water valves,
the temperature of the hot and cold water
supply shall be maintained at 100° + 10 °F
(37.8 °C = 55 °C). For nonwater-heating
clothes washers equipped with
thermostatically controlled water valves,
the temperature of the hot water supply
shall be maintained at 140 °F = 5 °F (60.0 °C
+ 2.8 °C) and the cold water supply shall be
maintained at 60 °F + 5F° (15.6 °C + 2.8 °C).
For water-heating clothes washers, the tem-
perature of the hot water supply shall be
maintained at 140 °F £ 5 °F (60.0 °C + 2.8 °C)
and the cold water supply shall not exceed 60
°F (15.6 °C). Water meters shall be installed
in both the hot and cold water lines to meas-
ure water consumption.

2.3.2 Supply water requirements for remain-
ing moisture content testing. For nonwater-
heating clothes washers not equipped with
thermostatically controlled water valves,
the temperature of the hot water supply
shall be maintained at 140 °F £ 5 °F and the
cold water supply shall be maintained at 60
°F £ 5 °F. All other clothes washers shall be
connected to water supply temperatures as
stated in 2.3.1 of this appendix.

2.4 Water pressure. The static water pres-
sure at the hot and cold water inlet connec-
tions of the machine shall be maintained
during the test at 35 pounds per square inch
gauge (psig)t2.5 psig (241.3 kPazl7.2 kPa).
The static water pressure for a single water
inlet connection shall be maintained during
the test at 35 psig+2.5 psig (241.3 kPatl7.2
kPa). Water pressure gauges shall be in-
stalled in both the hot and cold water lines
to measure water pressure.

2.5 Instrumentation. Perform all test meas-
urements using the following instruments,
as appropriate:

2.5.1 Weighing scales.

2.5.1.1 Weighing scale for test cloth. The
scale shall have a resolution no larger than
0.2 oz (5.7 g) and a maximum error no greater
than 0.3 percent of the measured value.

2.5.1.2 Weighing scale for clothes container
capacity measurements. The scale should have
a resolution no larger than 0.50 Ibs (0.23 kg)
and a maximum error no greater than 0.5
percent of the measured value.

2.5.2 Watt-hour meter. The watt-hour
meter shall have a resolution no larger than
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1 Wh (3.6 kJ) and a maximum error no great-
er than 2 percent of the measured value for
any demand greater than 50 Wh (180.0 kJ).

2.5.3 Temperature measuring device. The de-
vice shall have an error no greater than £1 °F
(20.6 °C) over the range being measured.

2.5.4 Water meter. The water meter shall
have a resolution no larger than 0.1 gallons
(0.4 liters) and a maximum error no greater
than 2 percent for all water flow rates from
1 gal/min (3.8 L/min) to 5 gal/min (18.9 L/
min).

2.5.5 Water pressure gauge. The water pres-
sure gauge shall have a resolution no larger
than 1 psig (6.9 kPa) and shall have an error
no greater than 5 percent of any measured
value over the range of 32.5 psig (224.1 kPa)
to 37.5 psig (258.6 kPa).

2.6 Test cloths.

2.6.1 Energy test cloth. The energy test
cloth shall be clean and consist of the fol-
lowing:

2.6.1.1 Pure finished bleached cloth, made
with a momie or granite weave, which is 50
percent cotton and 50 percent polyester and
weighs 5.75 oz/yd 2 (195.0 g/m2) and has 65 ends
on the warp and 57 picks on the fill.

2.6.1.2 Cloth material that is 24 in by 36 in
(61.0 cm by 91.4 cm) and has been hemmed to
22 in by 34 in (55.9 cm by 86.4 cm) before
washing. The maximum shrinkage after five
washes shall not be more than four percent
on the length and width.

2.6.1.3 The number of test runs on the
same energy test cloth shall not exceed 60
test runs. All energy test cloth must be per-
manently marked identifying the lot number
of the material. Mixed lots of material shall
not be used for testing the clothes washers.

2.6.2 Energy Stuffer Cloth. The energy
stuffer cloths shall be made from energy test
cloth material and shall consist of pieces of
material that are 12 inches by 12 inches (30.5
cm by 30.5 cm) and have been hemmed to 10
inches by 10 inches (25.4 cm by 25.4 cm) be-
fore washing. The maximum shrinkage after
five washes shall not be more than four per-
cent on the length and width. The number of
test runs on the same energy suffer cloth
shall not exceed 60 test runs. All energy
stuffer cloth must be permanently marked
identifying the lot number of the material.
Mixed lots of material shall not be used for
testing the clothes washers.

2.7 Composition of test loads.

2.7.1 Seven pound test load. The seven
pound test load shall consist of bone-dry en-
ergy test cloths which weigh 7 lbs +0.07 Ibs
(3.18 kg #0.03 kg). Adjustments to the test
load to achieve the proper weight can be
made by the use of energy stuffer cloths.

2.7.2 Three pound test load. The three
pound test load shall consist of bone-dry en-
ergy test cloths which weigh 3 Ibs £0.03 Ibs
(1.36 kg +0.014 kg). Adjustments to the test
load to achieve the proper weight can be
made by the use of energy stuffer cloths.
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2.8 Use of test loads.

2.8.1 For a standard size clothes washer, a
seven pound load, as described in section
2.7.1, shall be used to test the maximum
water fill and a three pound test load, as de-
scribed in section 2.7.2, shall be used to test
the minimum water fill.

2.8.2 For a compact size clothes washer, a
three pound test load as described in section
2.7.2 shall be used to test the maximum and
minimum water fill levels.

2.8.3 A vertical-axis clothes washer with-
out adaptive water fill control system also
shall be tested without a test load for pur-
poses of calculating the energy factor.

2.8.4 The test load sizes to be used to
measure remaining moisture content (RMC)
are specified in section 3.3.2.

2.8.5 Load the energy test cloths by grasp-
ing them in the center, shaking them to
hang loosely and then dropping them into
the clothes container prior to activating the
clothes washer.

2.9 Preconditioning. If the clothes washer
has not been filled with water in the pre-
ceding 96 hours, pre-condition it by running
it through a cold rinse cycle and then drain-
ing it to ensure that the hose, pump, and
sump are filled with water.

2.10 Wash time (period of agitation or tum-
ble) setting. If the maximum available wash
time in the normal cycle is greater than 9.75
minutes, the wash time shall be not less
than 9.75 minutes. If the maximum available
wash time in the normal cycle is less than
9.75 minutes, the wash time shall be the
maximum available wash time.

2.11 Agitation speed and spin speed settings.
Where controls are provided for agitation
speed and spin speed selections, set them as
follows:

2.11.1 For energy and water consumption
tests, set at the normal cycle settings. If set-
tings at the normal cycle are not offered, set
the control settings to the maximum speed
permitted on the clothes washer.

2.11.2 For remaining moisture content
tests, see section 3.3.

3. Test Measurements

3.1 Clothes container capacity. Measure the
entire volume which a dry clothes load could
occupy within the clothes container during
washer operation according to sections 3.1.1
through 3.1.5.

3.1.1 Place the clothes washer in such a
position that the uppermost edge of the
clothes container opening is leveled hori-
zontally, so that the container will hold the
maximum amount of water.

3.1.2 Line the inside of the clothes con-
tainer with 2 mil (0.051 mm) plastic sheet.
All clothes washer components which occupy
space within the clothes container and which
are recommended for use with the energy
test cycle shall be in place and shall be lined
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with 2 mil (0.051 mm) plastic sheet to prevent
water from entering any void space.

3.1.3 Record the total weight of the ma-
chine before adding water.

3.1.4 Fill the clothes container manually
with either 60 °F 5 °F (15.6 °C 2.8 °C) or 100
°F %10 °F (37.8 °C 5.5 °C) water to its upper-
most edge. Measure and record the weight of
water, W, in pounds.

3.1.5 The clothes container capacity is
calculated as follows:

C=wrid.

where:

C=Capacity in cubic feet (or liters).

W=Mass of water in pounds (or kilograms).

d=Density of water (62.0 Ibs/ft3 for 100 °F (993
kg/m3 for 37.8 °C) or 62.3 lbs/ft3 for 60 °F
(998 kg/m 3 for 15.6 °C)).

3.2 Test cycle. Establish the test condi-
tions set forth in section 2 of this Appendix.

3.2.1 A clothes washer that has infinite
temperature selections shall be tested at the
following temperature settings: hottest set-
ting available on the machine, hot (a min-
imum of 140 °F (60.0 °C) and a maximum of
145 °F (62.8 °C)), warm (a minimum of 100 °F
(37.8 °C) and a maximum of 105 °F (40.6 °C)),
and coldest setting available on the ma-
chine. These temperatures must be con-
firmed by measurement using a temperature
measuring device. If the measured final
water temperature is not within the speci-
fied range, stop testing, adjust the tempera-
ture selector accordingly, and repeat the
procedure.

3.2.2 Clothes washers with adaptive water
fill control system and/or unique temperature se-
lections.

3.2.2.1 Clothes washers with adaptive water
fill control system. When testing a clothes
washer that has adaptive water fill control,
the maximum and the minimum test loads
as specified in 2.8.1 and 2.8.2 shall be used.
The amount of water fill shall be determined
by the control system. If the clothes washer
provides consumer selection of variable
water fill amounts for the adaptive water fill
control system, two complete sets of tests
shall be conducted. The first set of tests
shall be conducted with the adaptive water
fill control system set in the setting that
will use the greatest amount of energy. The
second set of tests shall be conducted with
the adaptive water fill control system set in
the setting that will use the smallest
amount of energy. Then, the results from
these two tests shall be averaged to deter-
mine the adaptive water fill energy con-
sumption value. If a clothes washer with an
adaptive water fill control system allows
consumer selection of manual controls as an
alternative, both the manual and adaptive
modes shall be tested and the energy con-
sumption values, Er, Mg, and Dg (if desired),
calculated in section 4 for each mode, shall
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be averaged between the manual and adapt-
ive modes.

3.2.2.2 Clothes washers with multiple warm
wash temperature combination selections.

3.2.2.2.1 If a clothes washer’s temperature
combination selections are such that the
temperature of each warm wash setting that
is above the mean warm wash temperature
(the mean temperature of the coldest and
warmest warm settings) is matched by a
warm wash setting that is an equal distance
below the mean, then the energy test shall
be conducted at the mean warm wash tem-
perature if such a selection is provided, or if
there is no position on the control that per-
mits selection of the mean temperature, the
energy test shall be conducted with the tem-
perature selection set at the next hotter
temperature setting that is available above
the mean.

3.2.2.2.2 If the multiple warm wash tem-
perature combination selections do not meet
criteria in section 3.2.2.2.1, the energy test
shall be conducted with the temperature se-
lection set at the warm wash temperature
setting that gives the next higher water tem-
perature than the mean temperature of the
coldest and warmest warm settings.

3.2.2.3 Clothes washers with multiple tem-
perature settings within a temperature combina-
tion selection. When a clothes washer is pro-
vided with a secondary control that can
modify the wash or rinse temperature within
a temperature combination selection, the
secondary control shall be set to provide the
hottest wash temperature available and the
hottest rinse temperature available. For in-
stance, when the temperature combination
selection is set for the middle warm wash
temperature and a secondary control exists
which allows this temperature to be in-
creased or decreased, the secondary control
shall be set to provide the hottest warm
wash temperature available for the middle
warm wash setting.

3.2.3 Clothes washers that do not lockout
any wash/rinse temperature combinations in the
normal cycle. Test in the normal cycle all
temperature combination selections that are
required to be tested.

3.2.3.1 Hot water consumption, cold water
consumption, and electrical energy consumption
at maximum fill. Set the water level selector
at maximum fill available on the clothes
washer, if manually controlled, and insert
the appropriate test load, if applicable. Acti-
vate the normal cycle of the clothes washer
and also any suds-saver switch.

3.2.3.1.1 For automatic clothes washers,
set the wash/rinse temperature selector to
the hottest temperature combination set-
ting. For semi-automatic clothes washers,
open the hot water faucet valve completely
and close the cold water faucet valve com-
pletely to achieve the hottest temperature
combination setting.
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3.2.3.1.2 Measure the electrical energy
consumption of the clothes washer for the
complete cycle.

3.2.3.1.3 Measure the respective number of
gallons (or liters) of hot and cold water used
to fill the tub for the wash cycle.

3.2.3.1.4 Measure the respective number of
gallons (or liters) of hot and cold water used
for all deep rinse cycles.

3.2.3.1.5 Measure the respective gallons (or
liters) of hot and cold water used for all
spray rinse cycles.

3.2.3.1.6 For non-water-heating automatic
clothes washers repeat sections 3.2.3.1.3
through 3.2.3.1.5 for each of the other wash/
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rinse temperature selections available that
uses heated water and is required to be test-
ed. For water-heating clothes washers, re-
peat sections 3.2.3.1.2 through 3.2.3.1.5 for
each of the other wash/rinse temperature se-
lections available that uses heated water and
is required to be tested. (When calculating
water consumption under section 4.3 for any
machine covered by the previous two sen-
tences, also test the cold wash/cold rinse se-
lection.) For semi-automatic clothes wash-
ers, repeat sections 3.2.3.1.3 through 3.2.3.1.5
for the other wash/rinse temperature set-
tings in section 6 with the following water
faucet valve adjustments:

Faucet position

Hot valve Cold valve
Hot ..... Completely open .... Closed.
Warm Completely open . Completely open.
Cold Closed ... Completely open.
3.2.3.1.7 If the clothes washer is equipped ting that is locked out in the normal cycle

with a suds-saver cycle, repeat sections
3.2.3.1.2 to 3.2.3.1.5 with suds-saver switch set
to suds return for the Warm/Cold tempera-
ture setting.

3.2.3.2 Hot water consumption, cold water
consumption, and electrical energy consumption
with the water level selector at minimum fill.
Set the water level selector at minimum fill,
if manually controlled, and insert the appro-
priate test load, if applicable. Activate the
normal cycle of the clothes washer and also
any suds-saver switch. Repeat sections
3.2.3.1.1 through 3.2.3.1.7.

3.2.3.3 Hot and cold water consumption for
clothes washers that incorporate a partial fill
during the rinse cycle. For clothes washers
that incorporate a partial fill during the
rinse cycle, activate any suds-saver switch
and operate the clothes washer for the com-
plete normal cycle at both the maximum
water fill level and the minimum water fill
level for each of the wash/rinse temperature
selections available. Measure the respective
hot and cold water consumed during the
complete normal cycle.

3.2.4 Clothes washers that lockout any wash/
rinse temperature combinations in the normal
cycle. In addition to the normal cycle tests in
section 3.2.3, perform the following tests on
non-normal cycles for each wash/rinse tem-
perature combination selection that is
locked out in the normal cycle.

3.2.4.1 Set the cycle selector to a non-nor-
mal cycle which has the wash/rinse tempera-
ture combination selection that is locked
out. Set the water level selector at max-
imum fill and insert the appropriate test
load, if applicable. Activate the cycle of the
clothes washer and also any suds-saver
switch. Set the wash/rinse temperature se-
lector to the temperature combination set-

and repeat sections 3.2.3.1.2 through 3.2.3.1.5.

3.2.4.2 Repeat section 3.2.4.1 under the
same temperature combination setting for
all other untested non-normal cycles on the
machine that have the wash/rinse tempera-
ture combination selection that is locked
out.

3.2.4.3 Total the measured hot water con-
sumption of the wash, deep rinse, and spray
rinse of each non-normal cycle tested in sec-
tions 3.2.4.1 through 3.2.4.2 and compare the
total for each cycle. The cycle that has the
highest hot water consumption shall be the
most energy intensive cycle for that par-
ticular wash/rinse temperature combination
setting.

3.2.4.4 Set the water level selector at min-
imum fill and insert the appropriate test
load, if applicable. Activate the most energy
intensive cycle, as determined in section
3.2.4.3, of the clothes washer and also any
suds-saver switch. Repeat tests as described
in section 3.2.4.1.

3.3 Remaining Moisture Content (RMC).

3.3.1 The wash temperature shall be the
same as the rinse temperature for all test-
ing. Cold rinse is the coldest rinse tempera-
ture available on the machine. Warm rinse is
the hottest rinse temperature available on
the machine.

3.3.2 Determine the test load as shown in
the following table:

Container volume Test load

cu. ft. liter

> < > < Ib kg
0-0.80 .... 0-22.7 3.00 1.36
0.80-0.90 22.7-25.5 3.50 1.59
0.90-1.00 25.5-28.3 3.90 1.77
1.00-1.10 28.3-31.1 4.30 1.95
1.10-1.20 ... 31.1-34.0 4.70 2.13
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Container volume Test load
cu. ft. liter
> < > < Ib kg
1.20-1.30 ... 34.0-36.8 5.10 2.31
1.30-1.40 36.8-39.6 5.50 2.49
1.40-1.50 39.6-42.5 5.90 2.68
1.50-1.60 42.5-45.3 6.40 2.90
1.60-1.70 45.3-48.1 6.80 3.08
1.70-1.80 48.1-51.0 7.20 3.27
1.80-1.90 51.0-53.8 7.60 3.45
1.90-2.00 53.8-56.6 8.00 3.63
2.00-2.10 56.6-59.5 8.40 3.81
2.10-2.20 59.5-62.3 8.80 3.99
2.20-2.30 62.3-65.1 9.20 417
2.30-2.40 65.1-68.0 9.60 4.35
2.40-2.50 68.0-70.8 10.00 4.54
2.50-2.60 70.8-73.6 10.50 4.76
2.60-2.70 73.6-76.5 10.90 4.94
2.70-2.80 76.5-79.3 11.30 5.13
2.80-2.90 79.3-82.1 11.70 5.31
2.90-3.00 .... 82.1-85.0 12.10 5.49
3.00-3.10 .... 85.0-87.8 12.50 5.67
3.10-3.20 87.8-90.6 12.90 5.85
3.20-3.30 90.6-93.4 13.30 6.03
3.30-3.40 93.4-96.3 13.70 6.21
3.40-3.50 .... 96.3-99.1 14.10 6.40
3.50-3.60 .... 99.1-101.9 14.60 6.62
3.60-3.70 101.9-104.8 15.00 6.80
3.70-3.80 ... 104.8-107.6 15.40 6.99
Notes:

(1) All test load weights are bone dry weights.

(2) Allowable tolerance on the test load weights are +0.10
Ibs (0.05 kg).

3.3.3 For clothes washers with cold rinse
only.

3.3.3.1 Record the actual bone dry weight
of the test load (WI), then place the test load
in the clothes washer.

3.3.3.2 Set water level
imum fill.

3.3.3.3 Run the normal cycle.

3.3.3.4 Record the weight of the test load
immediately after completion of the normal
cycle (WC).

3.3.3.5 Calculate the remaining moisture
content of the test load, RMC, expressed as a
percentage and defined as:
RMC=[(WC —WI)/WI1]x100%

3.3.4 For clothes washers with cold and
warm rinse options.

3.3.4.1 Complete steps 3.3.3.1 through
3.3.3.4 for the cold rinse. Calculate the re-
maining moisture content of the test load
for cold rinse, RMCcoLp, expressed as a per-
centage and defined as:
RMCcoLp=[(WC —WI)/WI1]x100%

3.3.4.2 Complete steps 3.3.3.1 through
3.3.3.4 for the warm rinse. Calculate the re-
maining moisture content of the test load
for warm rinse, RMCwarwm, €Xpressed as a per-
centage and defined as:
RMCwarm=[(WC —WI)/WI1]x100%

3.3.4.3 Calculate the remaining moisture
content of the test load, RMC, expressed as a
percentage and defined as:

RMC=0.73xRMCcoLp+0.27xRMCwarm

selector to max-
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3.3.5 Clothes washers which have options
that result in different RMC values, such as
multiple selection of spin speeds or spin
times that are available in the normal cycle,
shall be tested at the maximum and min-
imum settings of the available options, ex-
cluding any ‘“‘no spin’’ (zero spin speed) set-
tings, in accordance with requirements in
3.3.3 or 3.3.4. The calculated RMCax extraction
and RMCuin exiraction @t the maximum and min-
imum settings, respectively, shall be com-
bined as follows and the final RMC to be used
in section 4.2 shall be:

RMC=0.75xRMC nax extractiont0.25XRMCmin extraction

3.4 Data recording. Record for each test
cycle in sections 3.2.1 through 3.3.5.

3.4.1 For non-water-heating clothes wash-
ers, record the kilowatt-hours of electrical
energy, Mg, consumed during the test to op-
erate the clothes washer in section 3.2.3.1.2.
For water-heating clothes washers record
the kilowatt-hours of electrical energy, Eh;
consumed at maximum fill in sections
3.2.3.1.2 and 3.2.3.1.6, and Eh; consumed at
minimum fill in section 3.2.3.2.

3.4.2 Record the individual gallons (or li-
ters) of hot and cold water consumption, Vh;
and Vc;, measured at maximum fill level for
each wash/rinse temperature combination
setting tested in section 3.2.3, or in both 3.2.3
and 3.2.4, excluding any fresh make-up water
required to complete the fill during a suds-
return cycle.

3.4.3 Record the individual gallons (or li-
ters) of hot and cold water consumption, Vh;
and Vc¢;, measured at minimum fill level for
each wash/rinse temperature combination
setting tested in section 3.2.3, or in both 3.2.3
and 3.2.4, excluding any fresh make-up water
required to complete the fill during a suds-
return cycle.

3.4.4 Record the individual gallons (or li-
ters) of hot and cold water, Shy and Scy,
measured at maximum fill for the suds-re-
turn cycle.

3.4.5 Record the individual gallons (or li-
ters) of hot and cold water, Sh. and Sc.,
measured at minimum fill for the suds-re-
turn cycle.

3.4.6 Data recording requirements for
RMC tests are listed in sections 3.3.3 through
3.3.5.

4. Calculation of Derived Results From Test
Measurements

4.1 Energy consumption.

4.1.1 Per-cycle temperature-weighted hot
water consumption for maximum and minimum
water fill levels. Calculate for the cycle under
test the per-cycle temperature weighted hot
water consumption for the maximum water
fill level, Vh,.«, and for the minimum water
fill level, Vh., expressed in gallons per
cycle (or liters per cycle) and defined as:
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10 CFR Ch. Il (1-1-05 Edition)

Vh,. = Xlzn:[(Vhi X L)xTUFi]Jr X,|[TUFy x Shy|

i=1

Vh

min

where:

Vhi=reported hot water consumption in gal-
lons per cycle (or liters per cycle) at max-
imum fill for each wash/rinse temperature
combination setting, as provided in section
3.4.2. If a clothes washer is equipped with
two or more different wash/rinse tempera-
ture selections that have the same basic
temperature combination selection label
(for example, one of them has its water
temperature controlled by
thermostatically controlled valves and the
other one does not), then the largest Vh;
shall be used for this calculation. If a
clothes washer has lockout(s), there will be
“Vh;’s”” for wash/rinse temperature com-
bination settings available in the normal
cycle and “Vh;’s”” for wash/rinse tempera-
ture combination settings in the most en-
ergy intensive cycle.

Vhj=reported hot water consumption in gal-
lons per cycle (or liters per cycle) at min-
imum fill for each wash/rinse temperature
combination setting, as provided in section
3.4.3. If a clothes washer is equipped with
two or more different wash/rinse tempera-
ture selections that have the same basic
temperature combination selection label
(for example, one of them has its water
temperature controlled by
thermostatically controlled valves and the
other one does not), then the largest Vh;
shall be used for the calculation. If a
clothes washer has lockouts, there will be
“Vhy’s” for wash/rinse temperature com-
bination settings available in the normal
cycle and “Vhy’s”” for wash/rinse tempera-
ture combination settings in the most en-
ergy intensive cycle.

L=lockout factor to be applied to the re-
ported hot water consumption. For wash/
rinse temperature combination settings
that are not locked out in the normal
cycle, L=1. For each wash/rinse tempera-
ture combination setting that is locked
out in the normal cycle, L=0.32 in the nor-
mal cycle and L=0.68, in the most energy
intensive cycle.

TUF;=applicable temperature use factor in
section 5 or 6.

TUF;=applicable temperature use factor in
section 5 or 6.

n=number of wash/rinse temperature com-
bination settings available to the user for
the clothes washer under test. For clothes
washers that lockout temperature selec-

= Xli[(th XL) X TUF; |+ X, TUFy, xSh, |
=1

tions in the normal cycle, n=the number of
wash/rinse temperature combination set-
tings on the washers plus the number of
wash/rinse temperature combination set-
tings that lockout the temperature selec-
tions in the normal cycle.

TUFy=temperature use factor for warm wash
setting.

For clothes washers equipped with the
suds-saver feature:

X,=frequency of use without the suds-saver
feature=0.86.

X,=frequency of use with the suds-saver
feature=0.14.

Shy=fresh make-up water measured during
suds-return cycle at maximum water fill
level.

Shy=fresh hot make-up water measured dur-
ing suds-return cycle at minimum water
fill level.

For clothes washers not equipped with the
suds-saver feature:

X1=l.0
X»=0.0

4.1.2 Total per-cycle hot water energy con-
sumption for maximum and minimum water fill
levels. Calculate the total per-cycle hot water
energy consumption for the maximum water
fill level, E..« and for the minimum water
fill level, E,.,, expressed in kilowatt-hours
per cycle and defined as:

Emax=[VNmaxX TXKXMF]
Emin=[Vhminx TXxKXMF]

where:

T=temperature rise=90 °F (50 °C).

K=water specific heat=0.00240 kWh/(gal- °F)
[0.00114kWh/(L- °C)].

Vhma=as defined in section 4.1.1.

Vhnin=as defined in section 4.1.1.

MF=multiplying factor to account for ab-
sence of test load=0.94 for top-loader
vertical axis clothes washers that are sen-
sor filled, 1.0 for all other clothes washers.

4.1.3 Total weighted per-cycle hot water en-
ergy consumption expressed in kilowatt-hours.
Calculate the total weighted per cycle hot
water energy consumption, Er, expressed in
kilowatt-hours per cycle and defined as:

Er=[EmaxXFmax]*+ [EminXFmin]
where:
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Fmax=usage fill factor=0.72.
Fmin=usage fill factor=0.28.
Emax=as defined in section 4.1.2.
Emin=as defined in section 4.1.2.

1 |3412 Btu
Etg =E¢ x—x[—
e kWh
where:
e=nominal gas or oil water heater

efficiency=0.75.
Er=as defined in section 4.1.3.

4.1.5 Per-cycle machine electrical energy con-
sumption.

4.1.5.1 Non-water-heating clothes washers.
The electrical energy value recorded for the
maximum fill in section 3.4.1 is the per-cycle
machine electrical energy consumption, Mg,
expressed in kilowatt-hours per cycle.

4.1.5.2 Water-heating clothes washers.

4.1.5.2.1 Calculate for the cycle under test
the per-cycle temperature weighted elec-
trical energy consumption for the maximum
water fill level, Eh,., and for the minimum
water fill level, Ehuin, expressed in Kilowatt-
hours per cycle and defined as:

n
Eh,,. = Y,[Eh; X TUE]
i=1
where:
Eh;=reported electrical energy consumption
in Kkilowatt-hours per cycle at maximum
fill for each wash/cycle temperature com-

bination setting, as provided in section
3.4.1.

TUF;=applicable temperature use factor in
section 5 or 6.

n=number of wash/rinse temperature com-
bination settings available to the user for
the clothes washer under test.

and

n
Eh , = > [Eh; X TUF}
i=1
where:
Ehj=reported electrical energy consumption
in Kilowatt-hours per cycle at minimum
fill for each wash/rinse temperature com-

bination setting, as provided in section
3.4.1.

TUF;=applicable temperature use factor in
section 5 or 6.

n=as defined above in this section.

)
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4.1.4 Per-cycle water energy consumption
using gas-heated or oil-heated water. Calculate
for the normal cycle the per-cycle energy
consumption, Erg, using gas-heated or oil-
heated water, expressed in Btu per cycle (or
megajoules per cycle) and defined as:

or Erg :ETxéx[%}

4.1.5.2.2 Weighted per-cycle machine elec-
trical energy consumption. Calculate the
weighted per cycle machine energy consump-
tion, Mg, expressed in Kkilowatt-hours per
cycle and defined as:

MEe=[EhmaxXFmax]t [ENminXFmin]

where:

Fmax=as defined in section 4.1.3.
Fmnin=as defined in section 4.1.3.
Ehmax=as defined in section 4.1.5.2.1.
Ehnin=as defined in section 4.1.5.2.1

4.1.6 Total per-cycle energy consumption
when electrically heated water is used. Cal-
culate for the normal cycle the total per-
cycle energy consumption, Erg, using elec-
trically heated water, expressed in kilowatt-
hours per cycle and defined as:

Erg=Er+Mg
where:

Er=as defined in section 4.1.3.
Mg=as defined in section 4.1.5.1 or 4.1.5.2.2.

4.2 Per-cycle energy consumption for removal
of RMC. Calculate the amount of energy per
cycle required to remove RMC. Such amount
is Dg, expressed in kilowatt-hours per cycle
and defined as:

De=(LAF)x(test
weight)x(RMC —4%)x(DEF)x(DUF)

where:

LAF=load adjustment factor=0.52.

Test load weight=as shown in test load table
in 3.3.2 expressed in Ibs/cycle.

RMC=as defined in 3.3.3.5, 3.3.4.3, or 3.3.5.

DEF=nominal energy required for a clothes
dryer to remove moisture from clothes=0.5
kWh/Ib (1.1 kWh/kg).

DUF=dryer usage factor, percentage of wash-
er loads dried in a clothes dryer=0.84.

load

4.3 Water consumption.

4.3.1 Per-cycle temperature-weighted water
consumption for maximum and minimum water
fill levels. To determine these amounts, cal-
culate for the cycle under test the per-cycle
temperature-weighted total water consump-
tion for the maximum water fill level, Qmax,
and for the minimum water fill level, Quin,

191



Pt. 430, Subpt. B, App. J

expressed in gallons per cycle (or liters per
cycle) and defined as:

10 CFR Ch. Il (1-1-05 Edition)

Quux = xli[(Vhi +V¢;) X TUF, |+ X,[ TUF,, X (Shy +Scy )]
i=1

where:

Vhi;=hot water consumption in gallons per-
cycle at maximum fill for each wash/rinse
temperature combination setting, as pro-
vided in section 3.4.2.

Vc;=total cold water consumption in gallons
per-cycle at maximum fill for each wash/
rinse temperature combination setting,
cold wash/cold rinse cycle, as provided in
section 3.4.2.

TUF;=applicable temperature use factor in
section 5 or 6.

n=number of wash/rinse temperature com-
bination settings available to the user for
the clothes washer under test.

TUF,=temperature use factor for warm wash
setting.

min

where:

Vhj=hot water consumption in gallons per
cycle (or liters per cycle) at minimum fill
for each wash/rinse temperature combina-
tion setting, as provided in section 3.4.3.

Vci=cold water consumption in gallons per
cycle (or liters per cycle) at minimum fill
for each wash/rinse temperature combina-
tion setting, cold wash/cold rinse cycle, as
provided in section 3.4.3.

TUF;=applicable temperature use factor in
section 5 or 6.

Shy=fresh hot make-up water measured dur-
ing suds-return cycle at minimum water
fill level.

Sci=fresh cold make-up water measured dur-
ing suds-return cycle at minimum water
fill level.

n=as defined above in this section.

TUF,=as defined above in this section.

X,=as defined above in this section.

X,=as defined above in this section.

4.3.2 Total weighted per-cycle water con-
sumption. To determine this amount, cal-
culate the total weighted per cycle water
consumption, Qr, expressed in gallons per
cycle (or liters per cycle) and defined as:

For clothes washers equipped with suds-
saver feature:

X,=frequency of use without suds-saver
feature=0.86
X,=frequency of use with suds-saver

feature=0.14

Shy=fresh hot water make-up measured dur-
ing suds-return cycle at maximum water
fill level.

Scu=fresh cold water make-up measured dur-
ing suds-return cycle at maximum water
fill level.

For clothes washers not equipped with
suds-saver feature:

X;=1.0
XZZO.O

and

= xli[(th + Ve, )X TUF, [+ X, [ TUF, x(Shy +Se, )]
j=1

Qr=[QmaxXFmax]+[QminXFmin]
where:

Fmax=as defined in section 4.1.3.
Fmin=as defined in section 4.1.3.

Qmax=as defined in section 4.3.1.
Qmin=as defined in section 4.3.1.

4.3.3 Water consumption factor. The fol-
lowing calculates the water consumption
factor, WCF, expressed in gallon per cycle
per cubic foot (or liter per cycle per liter):

WCF=Q/C
where:

C=as defined in section 3.1.5.
Qr=as defined in section 4.3.2.

4.4 Modified energy factor. The following
calculates the modified energy factor, MEF,
expressed in cubic feet per kilowatt-hours
per cycle (or liters per kilowatt-hours per
cycle):

C

MEF= ——
(Mg +E¢ +Dg)

where:
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C=as defined in section 3.1.5.

Mg=as defined in section 4.1.5.1 or 4.1.5.2.2.
Er=as defined in section 4.1.3.

Dg=as defined in section 4.2.

4.5 Energy factor. Calculate the energy
factor, EF, expressed in cubic feet per kilo-
watt-hours per cycle (or liters per kilowatt-
hours per cycle), as:

C

EF=———
(Mg +Er)

where:

C=as defined in section 3.1.5.

Mg=as defined in section 4.1.5.1 or 4.1.5.2.2.
Er=as defined in section 4.1.3.

5. Applicable Temperature Use Factors for De-
termining Hot Water Usage for Various Wash/
Rinse Temperature Selections for All Auto-
matic Clothes Washers

5.1 Clothes washers with discrete tempera-
ture selections.
5.1.1 Five-temperature selection (n=5).

Wash/rinse temperature Tgsrgpg::t!lérf
setting (TUF)
Hot/Warm ... 0.18
Hot/Cold ..... 12
Warm/Warm .30
Warm/Cold . .25
Cold/Cold 15
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: Temperature
Wash/rinse temperature Use Eactor
(TUF)
Hot/Cold ... 0.30
Warm/Warm . .55
Cold/Cold 15

5.1.4 Two-temperature selection (n=2).

Wash/rinse temperature TS;’)E;&&[gf
setting (TUF)
Any heated water/Cold .. 0.85
Cold/Cold 15

5.1.5 One-temperature selection (n=1).

Wash/rinse temperature TS;pg;a(;ttLér;s
etting (TUF)
ANY ot 1.00

5.2 Clothes washers with
ture selections.

infinite tempera-

Temperature Use
Factor (TUF)
Wash/rinse tempera-
ture setting <140 °F | > 140 °F
(60 °C) (60 °C)
(n=3) (n=4)
Extra-hot 0.05
Hot 0.30 0.25
Warm .. . 0.55 0.55
COld e 0.15 0.15

5.1.2 Four-temperature selection (n=4).

Wash/rinse temperature TS;’)E;&&[gf
setting (TUF)

Alternate I:
Hot/Warm ... 0.18
Hot/Cold ..... A2
Warm/Cold . .55
Cold/Cold 15

Alternate II:
Hot/Warm ... 0.18
Hot/Cold ..... 12
Warm/Warm .30
Warm/Cold .... .40

Alternate llI:
Hot/Cold 0.12
Warm/Warm 18
Warm/Cold . .55
Cold/Cold 15

6. Applicable Temperature Use Factors for De-
termining Hot Water Usage for Various Wash/
Rinse Temperature Settings for All Semi-Auto-
matic, Non-Water-Heating, Clothes Washers

6.1 Six-temperature settings (n=6).

5.1.3 Three-temperature selection (n=3).

Wash/rinse temperature Tgsrgpg::t!lérf
setting (TUF)
Alternate I:
Hot/Warm 0.30
Warm/Cold . .55
Cold/Cold 15
Alternate II:
Hot/Cold 0.30
Warm/Cold . .55
Cold/Cold 15

Alternate llI:

Wash/rinse temperature TS;pggeaCttLér;e
setting (TUF)

Hot/Hot ....... 0.15
HOt/Warm ... .09
Hot/Cold ..... .06
Warm/Warm .. 42
Warm/Cold . 13
Cold/Cold ... .15

7. Waivers and Field Testing

7.1 Waivers and Field Testing for Non-con-
ventional Clothes Washers. Manufacturers of
non-conventional clothes washers, such as
clothes washers with adaptive control sys-
tems, must submit a petition for waiver pur-
suant to 10 CFR 430.27 to establish an accept-
able test procedure for that clothes washer.
For these and other clothes washers that
have controls or systems such that the DOE
test procedures yield results that are so un-
representative of the clothes washer’s true
energy consumption characteristics as to
provide materially inaccurate comparative
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data, field testing may be appropriate for es-
tablishing an acceptable test procedure. The
following are guidelines for field testing
which may be used by manufacturers in sup-
port of petitions for waiver. These guidelines
are not mandatory and the Department may
determine that they do not apply to a par-
ticular model. Depending upon a manufac-
turer’s approach for conducting field testing,
additional data may be required. Manufac-
turers are encouraged to communicate with
the Department prior to the commencement
of field tests which may be used to support a
petition for waiver. Section 7.3 provides an
example of field testing for a clothes washer
with an adaptive water fill control system.
Other features, such as the use of various
spin speed selections, could be the subject of
field tests.

7.2 Non-conventional Wash System Energy
Consumption Test. The field test may consist
of a minimum of 10 of the nonconventional
clothes washers (‘“test clothes washers’”) and
10 clothes washers already being distributed
in commerce (‘‘base clothes washers’). The
tests should include a minimum of 50 normal
test cycles per clothes washer. The test
clothes washers and base clothes washers
should be identical in construction except
for the controls or systems being tested.
Equal numbers of both the test clothes wash-
er and the base clothes washer should be
tested simultaneously in comparable set-
tings to minimize seasonal and/or consumer
laundering conditions and/or variations. The
clothes washers should be monitored in such
a way as to accurately record the total en-
ergy consumption per cycle. At a minimum,
the following should be measured and re-
corded throughout the test period for each
clothes washer: Hot water usage in gallons
(or liters), electrical energy usage in Kilo-
watt-hours, and the cycles of usage. The field
test results would be used to determine the
best method to correlate the rating of the
test clothes washer to the rating of the base
clothes washer. If the base clothes washer is
rated at A kWh per year, but field tests at B
kWh per year, and the test clothes washer
field tests at D kWh per year, the test unit
would be rated as follows:

Ax(D/B)=G kWh per year

7.3 Adaptive water fill control system field
test. Section 3.2.2.1 defines the test method
for measuring energy consumption for
clothes washers which incorporate control
systems having both adaptive and alternate
manual selections. Energy consumption cal-
culated by the method defined in section
3.2.2.1 assumes the adaptive cycle will be
used 50 percent of the time. This section can
be used to develop field test data in support
of a petition for waiver when it is believed
that the adaptive cycle will be used more

10 CFR Ch. Il (1-1-05 Edition)

than 50 percent of the time. The field test
sample size should be a minimum of 10 test
clothes washers. The test clothes washers
should be totally representative of the de-
sign, construction, and control system that
will be placed in commerce. The duration of
field testing in the user’s house should be a
minimum of 50 normal test cycles, for each
unit. No special instructions as to cycle se-
lection or product usage should be given to
the field test participants, other than inclu-
sion of the product literature pack which
should be shipped with all units, and instruc-
tions regarding filling out data collection
forms, use of data collection equipment, or
basic procedural methods. Prior to the test
clothes washers being installed in the field
test locations, baseline data should be devel-
oped for all field test units by conducting
laboratory tests as defined by section 1
through section 6 of these test procedures to
determine the energy consumption values.
The following data should be measured and
recorded for each wash load during the test
period: wash cycle selected, the mode of the
clothes washer (adaptive or manual), clothes
load dry weight (measured after the clothes
washer and clothes dryer cycles are com-
pleted) in pounds, and type of articles in the
clothes load (i.e., cottons, linens, permanent
press, etc.). The wash loads used in calcu-
lating the in-home percentage split between
adaptive and manual cycle usage should be
only those wash loads which conform to the
definition of the normal test cycle.
Calculate:

T=The total number of normal test cycles
run during the field test

T,=The total number of adaptive control nor-
mal test cycles

Tw=The total number of manual control nor-
mal test cycles

The percentage weighting factors:

P.=(T./T) x 100 (the percentage weighting for
adaptive control selection)

Pmn=(Tw/T) x 100 (the percentage weighting for
manual control selection)

Energy consumption values, Er, Mg, and Dg
(if desired) calculated in section 4 for the
manual and adaptive modes, should be com-
bined using P, and P, as the weighting fac-
tors.

8. Sunset

The provisions of this appendix J expire on
December 31, 2003.

[62 FR 45501, Aug. 27, 1997, as amended at 66
FR 3330, Jan. 12, 2001; 66 FR 8745, Feb. 2, 2001]
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APPENDIX J1 TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF AUTOMATIC AND SEMI-AUTO-
MATIC CLOTHES WASHERS

The provisions of this appendix J1 shall
apply to products manufactured beginning
January 1, 2004.

1. Definitions and Symbols

1.1 Adaptive control system means a clothes
washer control system, other than an adapt-
ive water fill control system, which is capa-
ble of automatically adjusting washer oper-
ation or washing conditions based on charac-
teristics of the clothes load placed in the
clothes container, without allowing or re-
quiring consumer intervention or actions.
The automatic adjustments may, for exam-
ple, include automatic selection, modifica-
tion, or control of any of the following: wash
water temperature, agitation or tumble
cycle time, number of rinse cycles, and spin
speed. The characteristics of the clothes
load, which could trigger such adjustments,
could, for example, consist of or be indicated
by the presence of either soil, soap, suds, or
any other additive laundering substitute or
complementary product.

NoTE: Appendix Jl1 does not provide a
means for determining the energy consump-
tion of a clothes washer with an adaptive
control system. Therefore, pursuant to 10
CFR 430.27, a waiver must be obtained to es-
tablish an acceptable test procedure for each
such clothes washer.

1.2 Adaptive water fill control system means
a clothes washer water fill control system
which is capable of automatically adjusting
the water fill level based on the size or
weight of the clothes load placed in the
clothes container, without allowing or re-
quiring consumer intervention or actions.

1.3 Bone-dry means a condition of a load
of test cloth which has been dried in a dryer
at maximum temperature for a minimum of
10 minutes, removed and weighed before cool
down, and then dried again for 10 minute pe-
riods until the final weight change of the
load is 1 percent or less.

1.4 Clothes container means the compart-
ment within the clothes washer that holds
the clothes during the operation of the ma-
chine.

1.5 Compact means a clothes washer which
has a clothes container capacity of less than
1.6 ft3 (45 L).

1.6 Deep rinse cycle means a rinse cycle in
which the clothes container is filled with
water to a selected level and the clothes load
is rinsed by agitating it or tumbling it
through the water.

1.7 Energy test cycle for a basic model
means (A) the cycle recommended by the
manufacturer for washing cotton or linen
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clothes, and includes all wash/rinse tempera-
ture selections and water levels offered in
that cycle, and (B) for each other wash/rinse
temperature selection or water level avail-
able on that basic model, the portion(s) of
other cycle(s) with that temperature selec-
tion or water level that, when tested pursu-
ant to these test procedures, will contribute
to an accurate representation of the energy
consumption of the basic model as used by
consumers. Any cycle under (A) or (B) shall
include the agitation/tumble operation, spin
speed(s), wash times, and rinse times appli-
cable to that cycle, including water heating
time for water heating clothes washers.

1.8 Load use factor means the percentage
of the total number of wash loads that a user
would wash a particular size (weight) load.

1.9 Manual control system means a clothes
washer control system which requires that
the consumer make the choices that deter-
mine washer operation or washing condi-
tions, such as, for example, wash/rinse tem-
perature selections, and wash time before
starting the cycle.

1.10 Manual water fill control system means
a clothes washer water fill control system
which requires the consumer to determine or
select the water fill level.

1.11 Modified energy factor means the
quotient of the cubic foot (or liter) capacity
of the clothes container divided by the total
clothes washer energy consumption per
cycle, with such energy consumption ex-
pressed as the sum of the machine electrical
energy consumption, the hot water energy
consumption, and the energy required for re-
moval of the remaining moisture in the wash
load.

1.12 Non-water-heating clothes washer
means a clothes washer which does not have
an internal water heating device to generate
hot water.

1.13 Spray rinse cycle means a rinse cycle
in which water is sprayed onto the clothes
for a period of time without maintaining any
specific water level in the clothes container.

1.14 Standard means a clothes washer
which has a clothes container capacity of 1.6
ft3 (45 L) or greater.

1.15 Temperature use factor means, for a
particular wash/rinse temperature setting,
the percentage of the total number of wash
loads that an average user would wash with
that setting.

1.16 Thermostatically controlled water valves
means clothes washer controls that have the
ability to sense and adjust the hot and cold
supply water.

1.17 Uniformly distributed warm wash tem-
perature selection(s) means (A) multiple warm
wash selections for which the warm wash
water temperatures have a linear relation-
ship with all discrete warm wash selections
when the water temperatures are plotted
against equally spaced consecutive warm
wash selections between the hottest warm
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wash and the coldest warm wash. If the
warm wash has infinite selections, the warm
wash water temperature has a linear rela-
tionship with the distance on the selection
device (e.g. dial angle or slide movement) be-
tween the hottest warm wash and the coldest
warm wash. The criteria for a linear rela-
tionship as specified above is that the dif-
ference between the actual water tempera-
ture at any warm wash selection and the
point where that temperature is depicted on
the temperature/selection line formed by
connecting the warmest and the coldest
warm selections is less than 5 percent. In
all cases, the mean water temperature of the
warmest and the coldest warm selections
must coincide with the mean of the ‘“‘hot
wash” (maximum wash temperature <135 °F
(57.2 °C)) and ‘‘cold wash” (minimum wash
temperature) water temperatures within +3.8
°F (£2.1 °C); or (B) on a clothes washer with
only one warm wash temperature selection,
a warm wash temperature selection with a
water temperature that coincides with the
mean of the ‘“hot wash” (maximum wash
temperature <135 °F (57.2 °C)) and ‘‘cold
wash’ (minimum wash temperature) water
temperatures within £3.8 °F (£2.1 °C).

1.18 Warm wash means all wash tempera-
ture selections that are below the hottest
hot, less than 135 °F (57.2 °C), and above the
coldest cold temperature selection.

1.19 Water consumption factor means the
quotient of the total weighted per-cycle
water consumption divided by the cubic foot
(or liter) capacity of the clothes washer.

1.20 Water-heating clothes washer means a
clothes washer where some or all of the hot
water for clothes washing is generated by a
water heating device internal to the clothes
washer.

1.21 Symbol usage. The following identity
relationships are provided to help clarify the
symbology used throughout this procedure.

E—Electrical Energy Consumption

H—Hot Water Consumption

C—Cold Water Consumption

R—Hot Water Consumed by Warm Rinse

ER—Electrical Energy Consumed by Warm
Rinse

TUF—Temperature Use Factor

HE—Hot Water Energy Consumption

F—Load Usage Factor

Q—Total Water Consumption

ME—Machine Electrical Energy Consump-
tion

RMC—Remaining Moisture Content

WI—Initial Weight of Dry Test Load

WC—Weight of Test Load After Extraction

m—Extra Hot Wash (maximum wash temp.
>135 °F (57.2 °C.))

h—Hot Wash (maximum wash temp. <135 °F
(57.2°C.))

w—Warm Wash

c—Cold Wash (minimum wash temp.)

r—Warm Rinse (hottest rinse temp.)

X or max—Maximum Test Load
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a or avg—Average Test Load
n or min—Minimum Test Load

The following examples are provided to
show how the above symbols can be used to
define variables:

Em,=“‘Electrical Energy Consumption’ for
an “‘Extra Hot Wash’ and ‘“Maximum Test
Load”

R,=‘“Hot Water Consumed by Warm Rinse”
for the ‘““Average Test Load”’

TUF,,="“Temperature Use Factor”
‘“Extra Hot Wash”’

HEmin="‘Hot Water Energy Consumption’’ for
the “Minimum Test Load”’

1.22 Cold rinse means the coldest rinse
temperature available on the machine (and
should be the same rinse temperature selec-
tion tested in 3.7 of this appendix).

1.23 Warm rinse means the hottest rinse
temperature available on the machine (and
should be the same rinse temperature selec-
tion tested in 3.7 of this appendix).

for an

2. Testing Conditions

2.1 Installation. Install the clothes washer
in accordance with manufacturer’s instruc-
tions.

2.2 Electrical energy supply. Maintain the
electrical supply at the clothes washer ter-
minal block within 2 percent of 120, 120/240,
or 120/208Y volts as applicable to the par-
ticular terminal block wiring system and
within 2 percent of the nameplate frequency
as specified by the manufacturer. If the
clothes washer has a dual voltage conversion
capability, conduct test at the highest volt-
age specified by the manufacturer.

2.3 Supply Water.

2.3.1 Clothes washers in which electrical en-
ergy consumption or water energy consumption
are affected by the inlet water temperature. (For
example, water heating clothes washers or
clothes washers with thermostatically controlled
water valves.). The temperature of the hot
water supply at the water inlets shall not ex-
ceed 135 °F (57.2 °C) and the cold water supply
at the water inlets shall not exceed 60 °F
(15.6 °C). A water meter shall be installed in
both the hot and cold water lines to measure
water consumption.

2.3.2 Clothes washers in which electrical en-
ergy consumption and water energy consump-
tion are not affected by the inlet water tempera-
ture. The temperature of the hot water sup-
ply shall be maintained at 135 °F+5 °F (57.2
°C+2.8 °C) and the cold water supply shall be
maintained at 60 °F5 °F (15.6 °C+2.8 °C). A
water meter shall be installed in both the
hot and cold water lines to measure water
consumption.

2.4 Water pressure. The static water pres-
sure at the hot and cold water inlet connec-
tion of the clothes washer shall be main-
tained at 35 pounds per square inch gauge
(psig) +2.5 psig (241.3 kPatl7.2 kPa) during
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the test. The static water pressure for a sin-
gle water inlet connection shall be main-
tained at 35 psig+2.5 psig (241.3 kPat17.2 kPa)
during the test. A water pressure gauge shall
be installed in both the hot and cold water
lines to measure water pressure.

2.5 Instrumentation. Perform all test meas-
urements using the following instruments,
as appropriate:

2.5.1 Weighing scales.

2.5.1.1 Weighing scale for test cloth. The
scale shall have a resolution of no larger
than 0.2 oz (5.7 g) and a maximum error no
greater than 0.3 percent of the measured
value.

2.5.1.2 Weighing scale for clothes container
capacity measurements. The scale should have
a resolution no larger than 0.50 Ibs (0.23 kg)
and a maximum error no greater than 0.5
percent of the measured value.

2.5.2 Watt-hour meter. The watt-hour
meter shall have a resolution no larger than
1 Wh (3.6 kJ) and a maximum error no great-
er than 2 percent of the measured value for
any demand greater than 50 Wh (180.0 kJ).

2.5.3 Temperature measuring device. The de-
vice shall have an error no greater than £1 °F
(£0.6 °C) over the range being measured.

2.5.4 Water meter. The water meter shall
have a resolution no larger than 0.1 gallons
(0.4 liters) and a maximum error no greater
than 2 percent for the water flow rates being
measured.

2.5.5 Water pressure gauge. The water pres-
sure gauge shall have a resolution of 1 pound
per square inch gauge (psig) (6.9 kPa) and
shall have an error no greater than 5 percent
of any measured value.

2.6 Test cloths.

2.6.1 Energy Test Cloth. The energy test
cloth shall be made from energy test cloth
material, as specified in 2.6.4, that is 24
inches by 36 inches (61.0 cm by 91.4 cm) and
has been hemmed to 22 inches by 34 inches
(55.9 cm by 86.4 cm) before washing. The en-
ergy test cloth shall be clean and shall not
be used for more than 60 test runs (after pre-
conditioning as specified in 2.6.3 of this ap-
pendix). All energy test cloth must be per-
manently marked identifying the lot number
of the material. Mixed lots of material shall
not be used for testing the clothes washers.

2.6.1.1 The energy test cloth shall not be
used for more than 25 test runs and shall be
clean and consist of the following:

(A) Pure finished bleached cloth, made
with a momie or granite weave, which is 50
percent cotton and 50 percent polyester and
weighs 5.75 ounces per square yard (195.0 g/
m2) and has 65 ends on the warp and 57 picks
on the fill; and

(B) Cloth material that is 24 inches by 36
inches (61.0 cm by 91.4 cm) and has been
hemmed to 22 inches by 34 inches (55.9 cm by
86.4 cm) before washing. The maximum
shrinkage after five washes shall not be more
than four percent on the length and width.
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2.6.1.2 The new test cloths, including en-
ergy test cloths and energy stuffer cloths,
shall be pre-conditioned in a clothes washer
in the following manner:

2.6.1.2.1 Wash the test cloth using a com-
mercially available clothes washing deter-
gent that is suitable for 135 °F (57.2 °C) wash
water as recommended by the manufacturer,
with the washer set on maximum water
level. Place detergent in washer and then
place the new load to be conditioned in the
washer. Wash the load for ten minutes in
soft water (17ppm or less). Wash water is to
be hot, and controlled at 135 °F%5 °F (57.2 °C
+2.8 °C). Rinse water temperature is to be
cold, and controlled at 60 °F 15 °F (15.6 °C £2.8
°C). Rinse the load through a second rinse
using the same water temperature (if an op-
tional second rinse is available on the
clothes washer, use it).

2.6.1.2.2 Dry the load.

2.6.1.2.3 A final cycle is to be hot water
wash with no detergent followed by two cold
water rinses.

2.6.1.2.4 Dry the load.

2.6.2 Energy Stuffer Cloth. The energy
stuffer cloth shall be made from energy test
cloth material, as specified in 2.6.4, and shall
consist of pieces of material that are 12
inches by 12 inches (30.5 cm by 30.5 cm) and
have been hemmed to 10 inches by 10 inches
(25.4 cm by 25.4 cm) before washing. The en-
ergy stuffer cloth shall be clean and shall
not be used for more than 60 test runs (after
preconditioning as specified in 2.6.3 of this
appendix). All energy stuffer cloth must be
permanently marked identifying the lot
number of the material. Mixed lots of mate-
rial shall not be used for testing the clothes
washers.

2.6.3 Preconditioning of Test Cloths. The
new test cloths, including energy test cloths
and energy stuffer cloths, shall be pre-condi-
tioned in a clothes washer in the following
manner:

2.6.3.1 Perform 5 complete normal wash-
rinse-spin cycles, the first two with AHAM
Standard detergent 2A and the last three
without detergent. Place the test cloth in a
clothes washer set at the maximum water
level. Wash the load for ten minutes in soft
water (17 ppm hardness or less) using 6.0
grams per gallon of water of AHAM Standard
detergent 2A. The wash temperature is to be
controlled to 135 °F + 5 °F (57.2 °C £ 2.8 °C)
and the rinse temperature is to be controlled
to 60 °F £ 5 °F (15.6 °C £ 2.8 °C). Repeat the
cycle with detergent and then repeat the
cycle three additional times without deter-
gent, bone drying the load between cycles
(total of five wash and rinse cycles).

2.6.4 Energy test cloth material. The energy
test cloths and energy stuffer cloths shall be
made from fabric meeting the following spec-
ifications. The material should come from a
roll of material with a width of approxi-
mately 63 inches and approximately 500
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yards per roll, however, other sizes maybe
used if they fall within the specifications.

2.6.4.1 Nominal fabric type. Pure finished
bleached cloth, made with a momie or gran-
ite weave, which is nominally 50 percent cot-
ton and 50 percent polyester.

2.6.4.2 The fabric weight shall be 5.60
ounces per square yard (190.0 g/m2), +5 per-
cent.

2.6.4.3 The thread count shall be 61 x 54
per inch (warp x fill), £2 percent.

2.6.4.4 The warp yarn and filling yarn
shall each have fiber content of 50 percent 4
percent cotton, with the balance being poly-
ester, and be open end spun, 15/1 15 percent
cotton count blended yarn.

2.6.4.5 Water repellent finishes, such as
fluoropolymer stain resistant finishes shall
not be applied to the test cloth. The absence
of such finishes shall be verified by:

2.6.4.5.1 American Association of Textile
Chemists and Colorists (AATCC) Test Meth-
od 118—1997, Oil Repellency: Hydrocarbon Re-
sistance Test (reaffirmed 1997), of each new lot
of test cloth (when purchased from the mill)
to confirm the absence of Scotchguard™ or
other water repellent finish (required scores
of ““D”’ across the board).

2.6.4.5.2 American Association of Textile
Chemists and Colorists (AATCC) Test Meth-
od 79-2000, Absorbency of Bleached Textiles (re-
affirmed 2000), of each new lot of test cloth
(when purchased from the mill) to confirm
the absence of Scotchguard™ or other water
repellent finish (time to absorb one drop
should be on the order of 1 second).

2.6.4.5.3 The standards listed in 2.6.4.5.1
and 2.6.4.5.2 of this appendix which are not
otherwise set forth in this part 430 are incor-
porated by reference. The material listed in
this paragraph has been approved for incor-
poration by reference by the Director of the
Federal Register in accordance with 5 U.S.C.
552(a) and 1 CFR Part 51. Any subsequent
amendment to a standard by the standard-
setting organization will not affect the DOE
test procedures unless and until amended by
DOE. Material is incorporated as it exists on
the date of the approval and notice of any
change in the material will be published in
the FEDERAL REGISTER. The standards incor-
porated by reference are the American Asso-
ciation of Textile Chemists and Colorists
Test Method 118-1997, Oil Repellency: Hydro-
carbon Resistance Test (reaffirmed 1997) and
Test Method 79-2000, Absorbency of Bleached
Textiles (reaffirmed 2000).

(a) The above standards incorporated by
reference are available for inspection at:

(i) National Archives and Records Adminis-
tration (NARA). For information on the
availability of this material at NARA, call
202-741-6030, or go to: http://www.archives.gov/
federal register/code of federal regulations/
ibr__locations.html.

(ii) U.S. Department of Energy, Office of
Energy Efficiency and Renewable Energy,
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Hearings and Dockets, ‘“Energy Conservation
Program for Consumer Products: Clothes
Washer Energy Conservation Standards,”
Docket No. EE—RM-94-403, Forrestal Build-
ing, 1000 Independence Avenue, SW, Wash-
ington, DC.

(b) Copies of the above standards incor-
porated by reference can be obtained from
the American Association of Textile Chem-
ists and Colorists, P.O. Box 1215, Research
Triangle Park, NC 27709, telephone (919) 549-
8141, telefax (919) 549-8933, or electronic mail:
orders@aatcc.org.

2.6.4.6 The moisture absorption and reten-
tion shall be evaluated for each new lot of
test cloth by the Standard Extractor Re-
maining Moisture Content (RMC) Test speci-
fied in 2.6.5 of this appendix.

2.6.4.6.1 Repeat the Standard Extractor
RMC Test in 2.6.5 of this appendix three
times.

2.6.4.6.2 An RMC correction curve shall be
calculated as specified in 2.6.6 of this appen-
dix.

2.6.5 Standard Extractor RMC Test Proce-
dure. The following procedure is used to
evaluate the moisture absorption and reten-
tion characteristics of a lot of test cloth by
measuring the RMC in a standard extractor
at a specified set of conditions. Table 2.6.5 of
this appendix is the matrix of test condi-
tions. The 500g requirement will only be used
if a clothes washer design can achieve spin
speeds in the 500g range. When this matrix is
repeated 3 times, a total of 48 extractor RMC
test runs are required. For the purpose of the
extractor RMC test, the test cloths may be
used for up to 60 test runs (after precondi-
tioning as specified in 2.6.3 of this appendix).

TABLE 2.6.5.—MATRIX OF EXTRACTOR RMC
TEST CONDITIONS

Warm soak Cold soak

“g Force” 15 4 min. 15 4 min.
min. spin min. spin
spin spin

100 ...
200
350
500 ....

2.6.5.1 The standard extractor RMC tests
shall be run in a Bock Model 215 extractor
(having a basket diameter of 19.5 inches,
length of 12 inches, and volume of 2.1 ft3),
with a variable speed drive (Bock Engineered
Products, P.O. Box 5127, Toledo, OH 43611) or
an equivalent extractor with same basket de-
sign (i.e. diameter, length, volume, and hole
configuration) and variable speed drive.

2.6.5.2 Test Load. Test cloths shall be
preconditioned in accordance with 2.6.3 of
this appendix. The load size shall be 8.4 Ibs.,
consistent with 3.8.1 of this appendix.

2.6.5.3 Procedure.
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2.6.5.3.1 Record the ‘“‘bone-dry’’ weight of
the test load (WI).

2.6.5.3.2 Soak the test load for 20 minutes
in 10 gallons of soft (<17 ppm) water. The en-
tire test load shall be submerged. The water
temperature shall be 100 °F £ 5 °F.

2.6.5.3.3 Remove the test load and allow
water to gravity drain off of the test cloths.
Then manually place the test cloths in the
basket of the extractor, distributing them
evenly by eye. Spin the load at a fixed speed
corresponding to the intended centripetal ac-
celeration level (measured in units of the ac-
celeration of gravity, g) +1 g for the intended
time period 15 seconds.

2.6.5.3.4 Record the weight of the test load
immediately after the completion of the ex-
tractor spin cycle (WC).

2.6.5.3.5 Calculate the RMC as (WC-WI)/
WI.

2.6.5.3.6 The RMC of the test load shall be
measured at three (3) g levels: 100g; 200g; and
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3509, using two different spin times at each g
level: 4 minutes; and 15 minutes. If a clothes
washer design can achieve spin speeds in the
500g range then the RMC of the test load
shall be measured at four (4) g levels: 100g;
200g; 350g; and 500g, using two different spin
times at each g level: 4 minutes; and 15 min-
utes.

2.6.5.4 Repeat 2.6.5.3 of this appendix using
soft (<17 ppm) water at 60 °F £ 5 °F.

2.6.6 Calculation of RMC correction curve.

2.6.6.1 Average the values of 3 test runs
and fill in table 2.6.5 of this appendix. Per-
form a linear least-squares fit to relate the
standard RMC (RMCgundaara) Values (shown in
table 2.6.6.1 of this appendix) to the values
measured in 2.6.5 of this appendix:

(RMCeiom): RMCyuandara ~ A * RMCeiom + B
Where A and B are coefficients of the linear
least-squares fit.

TABLE 2.6.6.1.—STANDARD RMC VALUES (RMC STANDARD)

RMC %
“g Force” Warm soak Cold soak
15 min. spin | 4 min. spin | 15 min. spin | 4 min. spin
100 .. 45.9 49.9 49.7 52.8
200 35.7 40.4 37.9 431
350 29.6 33.1 30.7 35.8
500 .. 24.2 28.7 25.5 30.0

2.6.6.2. Perform an analysis of variance
test using two factors, spin speed and lot, to
check the interaction of speed and lot. Use
the values from Table 2.6.5 and Table 2.6.6.1
in the calculation. The “P” value in the
variance analysis shall be greater than or
equal to 0.1. If the ““P”’ value is less than 0.1
the test cloth is unacceptable. ‘P’ is a theo-
retically based probability of interaction
based on an analysis of variance.

2.6.7 Application of RMC correction curve.

2.6.7.1 Using the coefficients A and B cal-
culated in 2.6.6.1 of this appendix:

RMC.or = A*RMC + B
2.6.7.2 Substitute RMC.,. values
culations in 3.8 of this appendix.

in cal-

2.7 Test Load Sizes. Maximum, minimum,
and, when required, average test load sizes
shall be determined using Table 5.1 and the
clothes container capacity as measured in
3.1.1 through 3.1.5. Test loads shall consist of
energy test cloths, except that adjustments
to the test loads to achieve proper weight
can be made by the use of energy stuffer
cloths with no more than 5 stuffer clothes
per load.

2.8 Use of Test Loads. Table 2.8 defines the
test load sizes and corresponding water fill
settings which are to be used when meas-
uring water and energy consumptions.
Adaptive water fill control system and man-
ual water fill control system are defined in
section 1 of this appendix:

TABLE 2.8—TEST LOAD SIzES AND WATER FILL SETTINGS REQUIRED

Manual water fill control system

Adaptive water fill control system

Test load size Water fill setting

Test load size Water fill setting

Max Max
Min Min

Max As determined by the Clothes
Avg Washer.
Min

2.8.1 The test load sizes to be used to
measure RMC are specified in section 3.8.1.

2.8.2 Test loads for energy and water con-
sumption measurements shall be bone dry
prior to the first cycle of the test, and dried
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to a maximum of 104 percent of bone dry
weight for subsequent testing.

2.8.3 Load the energy test cloths by grasp-
ing them in the center, shaking them to
hang loosely and then put them into the
clothes container prior to activating the
clothes washer.

2.9 Pre-conditioning.

2.9.1 Nonwater-heating clothes washer. If
the clothes washer has not been filled with
water in the preceding 96 hours, pre-condi-
tion it by running it through a cold rinse
cycle and then draining it to ensure that the
hose, pump, and sump are filled with water.

2.9.2 Water-heating clothes washer. If the
clothes washer has not been filled with water
in the preceding 96 hours, or if it has not
been in the test room at the specified ambi-
ent conditions for 8 hours, pre-condition it
by running it through a cold rinse cycle and
then draining it to ensure that the hose,
pump, and sump are filled with water.

2.10 Wash time setting. If one wash time is
prescribed in the energy test cycle, that
shall be the wash time setting; otherwise,
the wash time setting shall be the higher of
either the minimum, or 70 percent of the
maximum wash time available in the energy
test cycle.

2.11 Test room temperature for water-heating
clothes washers. Maintain the test room am-
bient air temperature at 75 °Fi5 °F (23.9
°C+2.8 °C).

3. Test Measurements

3.1 Clothes container capacity. Measure the
entire volume which a dry clothes load could
occupy within the clothes container during
washer operation according to the following
procedures:

3.1.1 Place the clothes washer in such a
position that the uppermost edge of the
clothes container opening is leveled hori-
zontally, so that the container will hold the
maximum amount of water.

3.1.2 Line the inside of the clothes con-
tainer with 2 mil (0.051 mm) plastic sheet.
All clothes washer components which occupy
space within the clothes container and which
are recommended for use with the energy
test cycle shall be in place and shall be lined
with 2 mil (0.051 mm) plastic sheet to prevent
water from entering any void space.

3.1.3 Record the total weight of the ma-
chine before adding water.

3.1.4 Fill the clothes container manually
with either 60 °F15 °F (15.6 °C+2.8 °C) or 100
°F£10 °F (37.8 °C5.5 °C) water to its upper-
most edge. Measure and record the weight of
water, W, in pounds.

3.1.5 The clothes container capacity is
calculated as follows:

C=wrid.
where:
C=Capacity in cubic feet (liters).

10 CFR Ch. Il (1-1-05 Edition)

W=Mass of water in pounds (kilograms).

d=Density of water (62.0 Ibs/ft3 for 100 °F (993
kg/m3 for 37.8 °C) or 62.3 Ibs/ft3 for 60 °F (998
kg/m3 for 15.6 °C)).

3.2 Procedure for measuring water and en-
ergy consumption values on all automatic and
semi-automatic washers. All energy consump-
tion tests shall be performed under the en-
ergy test cycle(s), unless otherwise specified.
Table 3.2 defines the sections below which
govern tests of particular clothes washers,
based on the number of wash/rinse tempera-
ture selections available on the model, and
also, in some instances, method of water
heating. The procedures prescribed are appli-
cable regardless of a clothes washer’s wash-
ing capacity, loading port location, primary
axis of rotation of the clothes container, and
type of control system.

3.2.1 Inlet water temperature and the wash/
rinse temperature settings.

3.2.1.1 For automatic clothes washers set
the wash/rinse temperature selection control
to obtain the wash water temperature de-
sired (extra hot, hot, warm, or cold) and cold
rinse, and open both the hot and cold water
faucets.

3.2.1.2 For semi-automatic washers: (1)
For hot water temperature, open the hot
water faucet completely and close the cold
water faucet; (2) for warm inlet water tem-
perature, open both hot and cold water fau-
cets completely; (3) for cold water tempera-
ture, close the hot water faucet and open the
cold water faucet completely.

3.2.1.3 Determination of warm wash water
temperature(s) to decide whether a clothes
washer has uniformly distributed warm wash
temperature selections. The wash water tem-
perature, Tw, of each warm water wash se-
lection shall be calculated or measured.

For non-water-heating clothes washers,
calculate Tw as follows:

Tw(°F)=((Hwx135 °F)+(Cwx60 °F))/(HW+Cw)
or

Tw(°C)=((Hwx57.2 °C)+(Cwx15.6 °C))/(Hw+Cw)

where:

Hw=Hot water consumption of a warm wash
Cw=Cold water consumption of a warm wash

For water-heating clothes washers, meas-
ure and record the temperature of each warm
wash selection after fill.

3.2.2 Total water consumption during the
energy test cycle shall be measured, includ-
ing hot and cold water consumption during
wash, deep rinse, and spray rinse.

3.2.3 Clothes washers with adaptive water
fill/manual water fill control systems

3.2.3.1 Clothes washers with adaptive water
fill control system and alternate manual water
fill control systems. If a clothes washer with
an adaptive water fill control system allows
consumer selection of manual controls as an
alternative, then both manual and adaptive
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modes shall be tested and, for each mode, the
energy consumption (HEr, MEr, and Dg) and
water consumption (Qr), values shall be cal-
culated as set forth in section 4. Then the av-
erage of the two values (one from each mode,
adaptive and manual) for each variable shall
be used in section 4 for the clothes washer.

3.2.3.2 Clothes washers with adaptive water
fill control system.

3.2.3.2.1. Not user adjustable. The max-
imum, minimum, and average water levels
as defined in the following sections shall be
interpreted to mean that amount of water
fill which is selected by the control system
when the respective test loads are used, as
defined in Table 2.8. The load usage factors
which shall be used when calculating energy
consumption values are defined in Table
4.1.3.

3.2.3.2.2 User adjustable. Four tests shall
be conducted on clothes washers with user
adjustable adaptive water fill controls which
affect the relative wash water levels. The
first test shall be conducted with the max-
imum test load and with the adaptive water
fill control system set in the setting that
will give the most energy intensive result.
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The second test shall be conducted with the
minimum test load and with the adaptive
water fill control system set in the setting
that will give the least energy intensive re-
sult. The third test shall be conducted with
the average test load and with the adaptive
water fill control system set in the setting
that will give the most energy intensive re-
sult for the given test load. The fourth test
shall be conducted with the average test load
and with the adaptive water fill control sys-
tem set in the setting that will give the least
energy intensive result for the given test
load. The energy and water consumption for
the average test load and water level, shall
be the average of the third and fourth tests.

3.2.3.3 Clothes washers with manual water
fill control system. In accordance with Table
2.8, the water fill selector shall be set to the
maximum water level available on the
clothes washer for the maximum test load
size and set to the minimum water level for
the minimum test load size. The load usage
factors which shall be used when calculating
energy consumption values are defined in
Table 4.1.3.

TABLE 3.2—TEST SECTION REFERENCE

Max. Wash Temp. Available ............cccccoveennnnns
Number of Wash Temp. Selections ...

Test Sections Required to be Followed ......

<135 °F (57.2 °C) >135 °F (57.2 °C)2
1 2 >2 3 >3
.......................................... 3.3 3.3
3.4 34| o, 3.4
I —— 35 3.5 35
3.6 3.6 3.6 3.6 3.6
137 137 13.7 13.7 137
3.8 3.8 3.8 3.8 3.8

10nly applicable to machines with warm rinse in any cycle.

2This only applies to water hearting clothes washers on which the maximum wash temperature available exceeds 135 °F

(57.2 °C)

3.3 “Extra Hot Wash” (Max Wash Temp
>135 °F (57.2 °C)) for water heating clothes
washers only. Water and electrical energy
consumption shall be measured for each
water fill level and/or test load size as speci-
fied in 3.3.1 through 3.3.3 for the hottest wash
setting available.

3.3.1 Maximum test load and water fill. Hot
water consumption (Hm,), cold water con-
sumption (Cmy), and electrical energy con-
sumption (Em,) shall be measured for an
extra hot wash/cold rinse energy test cycle,
with the controls set for the maximum water
fill level. The maximum test load size is to
be used and shall be determined per Table
5.1.

3.3.2 Minimum test load and water fill. Hot
water consumption (Hm,), cold water con-
sumption (Cm,), and electrical energy con-
sumption (Em,) shall be measured for an
extra hot wash/cold rinse energy test cycle,
with the controls set for the minimum water
fill level. The minimum test load size is to

be used and shall be determined per Table
5.1.

3.3.3 Average test load and water fill. For
clothes washers with an adaptive water fill
control system, measure the values for hot
water consumption (Hm,), cold water con-
sumption (Cm,), and electrical energy con-
sumption (Em,) for an extra hot wash/cold
rinse energy test cycle, with an average test
load size as determined per Table 5.1.

3.4 *“*‘Hot Wash” (Max Wash Temp<135 °F
(57.2 °C)). Water and electrical energy con-
sumption shall be measured for each water
fill level or test load size as specified in 3.4.1
through 3.4.3 for a 135 °F (57.2 °C)) wash, if
available, or for the hottest selection less
than 135 °F (57.2 °C)).

3.4.1 Maximum test load and water fill. Hot
water consumption (Hhy), cold water con-
sumption (Chy), and electrical energy con-
sumption (Ehy) shall be measured for a hot
wash/cold rinse energy test cycle, with the
controls set for the maximum water fill
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level. The maximum test load size is to be
used and shall be determined per Table 5.1.

3.4.2 Minimum test load and water fill. Hot
water consumption (Hh,), cold water con-
sumption (Ch,), and electrical energy con-
sumption (Eh,) shall be measured for a hot
wash/cold rinse energy test cycle, with the
controls set for the minimum water fill
level. The minimum test load size is to be
used and shall be determined per Table 5.1.

3.4.3 Average test load and water fill. For
clothes washers with an adaptive water fill
control system, measure the values for hot
water consumption (Hh,), cold water con-
sumption (Ch,), and electrical energy con-
sumption (Eh,) for a hot wash/cold rinse en-
ergy test cycle, with an average test load
size as determined per Table 5.1.

3.5 “Warm Wash.” Water and electrical
energy consumption shall be determined for
each water fill level and/or test load size as
specified in 3.5.1 through 3.5.2.3 for the appli-
cable warm water wash temperature(s).

3.5.1 Clothes washers with uniformly distrib-
uted warm wash temperature selection(s). The
reportable values to be used for the warm
water wash setting shall be the arithmetic
average of the measurements for the hot and
cold wash selections. This is a calculation
only, no testing is required.

3.5.2 Clothes washers that lack uniformly
distributed warm wash temperature selections.
For a clothes washer with fewer than four
discrete warm wash selections, test all warm
wash temperature selections. For a clothes
washer that offers four or more warm wash
selections, test at all discrete selections, or
test at 25 percent, 50 percent, and 75 percent
positions of the temperature selection device
between the hottest hot (<135 °F (57.2 °C))
wash and the coldest cold wash. If a selection
is not available at the 25, 50 or 75 percent po-
sition, in place of each such unavailable se-
lection use the next warmer setting. Each re-
portable value to be used for the warm water
wash setting shall be the arithmetic average
of all tests conducted pursuant to this sec-
tion.

3.5.2.1 Maximum test load and water fill.
Hot water consumption (Hw,), cold water
consumption (Cwy), and electrical energy
consumption (Ewy) shall be measured with
the controls set for the maximum water fill
level. The maximum test load size is to be
used and shall be determined per Table 5.1.

3.5.2.2 Minimum test load and water fill. Hot
water consumption (Hw,), cold water con-
sumption (Cw,), and electrical energy con-
sumption (Ew,) shall be measured with the
controls set for the minimum water fill
level. The minimum test load size is to be
used and shall be determined per Table 5.1.

3.5.2.3 Average test load and water fill. For
clothes washers with an adaptive water fill
control system, measure the values for hot
water consumption (Hw,), cold water con-
sumption (Cw,), and electrical energy con-
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sumption (Ew,) with an average test load
size as determined per Table 5.1.

3.6 ““Cold Wash” (Minimum Wash Tempera-
ture Selection). Water and electrical energy
consumption shall be measured for each
water fill level or test load size as specified
in 3.6.1 through 3.6.3 for the coldest wash
temperature selection available.

3.6.1 Maximum test load and water fill. Hot
water consumption (Hc,), cold water con-
sumption (Ccy), and electrical energy con-
sumption (Ecy) shall be measured for a cold
wash/cold rinse energy test cycle, with the
controls set for the maximum water fill
level. The maximum test load size is to be
used and shall be determined per Table 5.1.

3.6.2 Minimum test load and water fill. Hot
water consumption (Hc,), cold water con-
sumption (Cc,), and electrical energy con-
sumption (Ec,) shall be measured for a cold
wash/cold rinse energy test cycle, with the
controls set for the minimum water fill
level. The minimum test load size is to be
used and shall be determined per Table 5.1.

3.6.3 Average test load and water fill. For
clothes washers with an adaptive water fill
control system, measure the values for hot
water consumption (Hc,), cold water con-
sumption (Cc,), and electrical energy con-
sumption (Ec,) for a cold wash/cold rinse en-
ergy test cycle, with an average test load
size as determined per Table 5.1.

3.7 Warm Rinse. Tests in sections 3.7.1 and
3.7.2 shall be conducted with the hottest
rinse temperature available. If multiple
wash temperatures are available with the
hottest rinse temperature, any ‘“‘warm wash”’
temperature may be selected to conduct the
tests.

3.7.1 For the rinse only, measure the
amount of hot water consumed by the
clothes washer including all deep and spray
rinses, for the maximum (Ry), minimum (R,),
and, if required by section 3.5.2.3, average
(R.) test load sizes or water fill levels.

3.7.2 Measure the amount of electrical en-
ergy consumed by the clothes washer to heat
the rinse water only, including all deep and
spray rinses, for the maximum (ERy), min-
imum (ER,), and, if required by section
3.5.2.3, average (ER,), test load sizes or water
fill levels.

3.8 Remaining Moisture Content:

3.8.1 The wash temperature will be the
same as the rinse temperature for all test-
ing. Use the maximum test load as defined in
Table 5.1 and section 3.1 for testing.

3.8.2 For clothes washers with cold rinse
only:

3.8.2.1 Record the actual ‘bone dry’ weight
of the test load (Wlm.), then place the test
load in the clothes washer.

3.8.2.2 Set water level selector to max-
imum fill.

3.8.2.3 Run the energy test cycle.
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3.8.2.4 Record the weight of the test load
immediately after completion of the energy
test cycle (WChux)-

3.8.2.5 Calculate the remaining moisture
content of the maximum test load, RMCpax,
expressed as a percentage and defined as:

RMCuuax=((WCmax = Wlnax)/Wlmax)x100%

3.8.3 For clothes
warm rinse options:

3.8.3.1 Complete steps 3.8.2.1 through
3.8.2.4 for cold rinse. Calculate the remaining
moisture content of the maximum test load
for cold rinse, RMCcoLp, expressed as a per-
centage and defined as:

RMCCOLD:((WCmax - Wlmux)/WImax)Xloo%

3.8.3.2 Complete steps 3.8.2.1 through
3.8.2.4 for warm rinse. Calculate the remain-
ing moisture content of the maximum test

load for warm rinse, RMCwarm, €xpressed as
a percentage and defined as:

RMCwarM=((WCmax — Wlnax)/Wlmax)x100%

3.8.3.3 Calculate the remaining moisture
content of the maximum test load, RMC,.x,
expressed as a percentage and defined as:
RMCmux=RMCcorpXx(1-
TUF,)+RMCwarmX(TUF,).
where:

TUF, is the temperature use factor for warm
rinse as defined in Table 4.1.1.

washers with cold and

3.8.4 Clothes washers which have options
that result in different RMC values, such as
multiple selection of spin speeds or spin
times, that are available in the energy test
cycle, shall be tested at the maximum and
minimum extremes of the available options,
excluding any ‘‘no spin’ (zero spin speed)
settings, in accordance with requirements in
3.8.2 or 3.8.3. The calculated RMCax extraction
and RMChin extracion @t the maximum and min-
imum settings, respectively, shall be com-
bined as follows and the final RMC to be used
in section 4.3 shall be:

RMC = 0.75XRMC max extraction®0.25x
RMcmln extraction

4. Calculation of Derived Results From Test
Measurements

4.1 Hot water and machine electrical energy
consumption of clothes washers.
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4.1.1 Per-cycle temperature-weighted hot
water consumption for maximum, average, and
minimum water fill levels using each appro-
priate load size as defined in section 2.8 and
Table 5.1. Calculate for the cycle under test
the per-cycle temperature weighted hot
water consumption for the maximum water
fill level, Vh,, the average water fill level,
Vh,, and the minimum water fill level, Vh,,
expressed in gallons per cycle (or liters per
cycle) and defined as:

(@) Vh=[HMXTUF ]+ [HhxTUFL]+[Hw,
XTUF]+[HcXTUFJ+[RXTUF,]

(b) Vh,=[HMXTUF ]+ [Hh.xTUF]+[Hw,
XTUF ]+ [HCXTUF J+[R.XTUF.]

(c) Vh,=[HmxTUF,]+[Hh,xTUF,]+[Hw,
xTUF,]+[HCcxTUF J+[R.XTUF,]

where:

Hm,, Hm,, and Hm,, are reported hot water
consumption values, in gallons per-cycle
(or liters per cycle), at maximum, average,
and minimum water fill, respectively, for
the extra-hot wash cycle with the appro-
priate test loads as defined in section 2.8.

Hh,, Hh,, and Hh,, are reported hot water
consumption values, in gallons per-cycle
(or liters per cycle), at maximum, average,
and minimum water fill, respectively, for
the hot wash cycle with the appropriate
test loads as defined in section 2.8.

Hwy, Hw,, and Hw,, are reported hot water
consumption values, in gallons per-cycle
(or liters per cycle), at maximum, average,
and minimum water fill, respectively, for
the warm wash cycle with the appropriate
test loads as defined in section 2.8.

Hcy, Hc,, and Hc,, are reported hot water
consumption values, in gallons per-cycle
(or liters per cycle), at maximum, average,
and minimum water fill, respectively, for
the cold wash cycle with the appropriate
test loads as defined in section 2.8.

Ry, Ra., and R, are the reported hot water
consumption values, in gallons per-cycle
(or liters per cycle), at maximum, average,
and minimum water fill, respectively, for
the warm rinse cycle and the appropriate
test loads as defined in section 2.8.

TUF,,, TUF,, TUF,, TUF, and TUF, are tem-
perature use factors for extra hot wash,
hot wash, warm wash, cold wash, and warm
rinse temperature selections, respectively,
and are as defined in Table 4.1.1.

TABLE 4.1.1—TEMPERATURE USE FACTORS

Max Wash Temp Available .. | <135 °F <135 °F <135 °F >135 °F >135 °F
(57.2 °C) (57.2 °C) (67.2 °C) (57.2 °C) (57.2 °C)
No. Wash Temp Selections | Single 2 Temps >2 Temps | 3 Temps >3 Temps
TUF,, (extra hot) .. | NA NA NA 0.14 0.05
TUFL (hOt) e NA 0.63 0.14 NA 0.09
TUF, (Warm) ....ccecceveereneenne NA NA 0.49 0.49 0.49
TUF. (cold) vvvrieeeeeen 1.00 0.37 0.37 0.37 0.37
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TABLE 4.1.1—TEMPERATURE USE FACTORS—Continued

TUF, (warm rinse) ................ 0.27

0.27

0.27 ‘ 0.27 ‘ 0.27

4.1.2 Total per-cycle hot water energy con-
sumption for all maximum, average, and min-
imum water fill levels tested. Calculate the
total per-cycle hot water energy consump-
tion for the maximum water fill level, HE.x,
the minimum water fill level, HE,,;,, and the
average water fill level, HE.,,, expressed in
kilowatt-hours per cycle and defined as:

(@) HEmuxx = [VhxXTxK]=Total energy when a
maximum load is tested.

(b) HE... = [VhxxTxK]=Total energy when an
average load is tested.

(€) HEmin = [VhuxTxK]=Total energy when a
minimum load is tested.

where:

T=Temperature rise=75 °F (41.7 °C).

K=Water specific heat in kilowatt-hours per
gallon degree F=0.00240 (0.00114 kWh/L-°C).

Vhy Vh,, and Vh,, are as defined in 4.1.1.

4.1.3 Total weighted per-cycle hot water en-
ergy consumption. Calculate the total weight-
ed per cycle hot water energy consumption,
HE~, expressed in kilowatt-hours per cycle
and defined as:

HET=[HEmaxXFmax] + [HEweXFavg]l H[HEmnXFmin]
where:

HEmax, HEave, and HEni, are as defined in 4.1.2.

Fmax, Fave, and Fuin are the load usage factors
for the maximum, average, and minimum
test loads based on the size and type of
control system on the washer being tested.
The values are as shown in table 4.1.3.

TABLE 4.1.3—LOAD USAGE FACTORS

Water fill control system Manual Adaptive
0.721 0.122
. 0.742
Funin= 0.281 0.142

1 Reference 3.2.3.3.
2 Reference 3.2.3.2.

4.1.4 Total per-cycle hot water energy con-
sumption using gas-heated or oil-heated water.
Calculate for the energy test cycle the per-
cycle hot water consumption, HErg, using
gas heated or oil-heated water, expressed in
Btu per cycle (or megajoules per cycle) and
defined as:

HErc=Hrx1/ex3412 Btu/kWh or HErg=HEx1/
ex3.6 MJ/kWh

where:

e=Nominal gas or oil
efficiency=0.75.
HEr=As defined in 4.1.3.

water heater

4.1.5 Per-cycle machine electrical energy con-
sumption for all maximum, average, and min-
imum test load sizes. Calculate the total per-
cycle machine electrical energy consumption
for the maximum water fill level, ME.x, the
minimum water fill level, MEi,, and the av-
erage water fill level, ME,,,, expressed in Kil-
owatt-hours per cycle and defined as:

(@MEnax= [EMXTUF,]+ [EhXTUF, ]+
[EWXTUF]+ [EcixTUF ]+ [ERXTUF,]

(b)) ME,,= [EMXTUF,]+ [EhxXTUF]+
[EW.XTUF,]+ [ECXTUF.]+ [ER.XTUF,]

(©) MEmin= [EMXTUFL]+ [EhXTUFR]+
[EWaXTUF ]+ [EC.xXTUF ]+ [ERXTUF,]

where:

Emy, Em,, and Em,, are reported electrical
energy consumption values, in kilowatt-
hours per cycle, at maximum, average, and
minimum test loads, respectively, for the
extra-hot wash cycle.

Eh,, Eh,, and Eh,, are reported electrical en-
ergy consumption values, in Kkilowatt-
hours per cycle, at maximum, average, and
minimum test loads, respectively, for the
hot wash cycle.

Ewy, Ew,, and Ew,, are reported electrical en-
ergy consumption values, in kilowatt-
hours per cycle, at maximum, average, and
minimum test loads, respectively, for the
warm wash cycle.

Ec., Ec,, and Ec,, are reported electrical en-
ergy consumption values, in Kkilowatt-
hours per cycle, at maximum, average, and
minimum test loads, respectively, for the
cold wash cycle.

ER;, ER., ER,, are reported electrical energy
consumption values, in kilowatt-hours per
cycle, at maximum, average, and minimum
test loads, respectively, for the warm rinse
cycle per definitions in 3.7.2 of this appen-
dix.

TUF,,, TUF,, TUF,, TUF,, and TUF, are as
defined in Table 4.1.1.

4.1.6 Total weighted per-cycle machine elec-
trical energy consumption. Calculate the total
per cycle load size weighted energy consump-
tion, MEr, expressed in kilowatt-hours per
cycle and defined as:

MET=[MEmaX  Fma] +[MEavex
Fmin]

where:

MEmax, MEae, and ME.., are as defined in
4.1.5.

Frmax, Fave, and Fni, are as defined in Table
4.1.3.

Favel *[MEminx
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4.1.7 Total per-cycle energy consumption
when electrically heated water is used. Cal-
culate for the energy test cycle the total per-
cycle energy consumption, Erg, using elec-
trical heated water, expressed in Kilowatt-
hours per cycle and defined as:

Erg=HET+MEr
where:

ME1=As defined in 4.1.6.
HET=As defined in 4.1.3.

4.2 Water consumption of clothes washers.
(The calculations in this Section need not be
performed to determine compliance with the
energy conservation standards for clothes
washers.)

4.2.1 Per-cycle water consumption. Cal-
culate the maximum, average, and minimum
total water consumption, expressed in gal-
lons per cycle (or liters per cycle), for the
cold wash/cold rinse cycle and defined as:

Qmax=[Hcx+Ccy]
Quve=[Hc.+Cc,]
Qmin=[Hc,+Cc]

where:

Hcy, Ccy, Hc,, Cc,, Hc,, and Cc, are as defined
in 3.6.

4.2.2 Total weighted per-cycle water con-
sumption. Calculate the total weighted per
cycle consumption, Qr, expressed in gallons
per cycle (or liters per cycle) and defined as:

Qr=[QmaxXFmax]+[QaveXFave] +[QminXFmin]
where:

Qmax, Qave, and Qumin are as defined in 4.2.1.
Frmax, Fave, and Fni, are as defined in table
4.1.3.

4.2.3 Water consumption factor. Calculate
the water consumption factor, WCF, ex-
pressed in gallon per cycle per cubic feet (or
liter per cycle per liter), as:
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where:

Qr=as defined in section 4.2.2.
C = as defined in section 3.1.5.

4.3 Per-cycle energy consumption for removal
of moisture from test load. Calculate the per-
cycle energy required to remove the mois-
ture of the test load, Dg, expressed in kilo-
watt-hours per cycle and defined as

De=(LAF)x(Maximum test
weight)x(RMC—4%)x(DEF)x(DUF)

where:

LAF=Load adjustment factor=0.52.

Test load weight=As required in 3.8.1, ex-
pressed in Ibs/cycle.

RMC=As defined in 3.8.2.5, 3.8.3.3 or 3.8.4.

DEF=nominal energy required for a clothes
dryer to remove moisture from clothes=0.5
kWh/Ib (1.1 kWh/kg).

DUF=dryer usage factor, percentage of wash-
er loads dried in a clothes dryer=0.84.

load

4.4 Modified energy factor. Calculate the
modified energy factor, MEF, expressed in
cubic feet per kilowatt-hour per cycle (or li-
ters per kilowatt-hour per cycle) and defined
as:

MEF=C/(Ere + Dg)
where:

C=As defined in 3.1.5.
Ere=As defined in 4.1.7.
Dg=As defined in 4.3.

4.5 Energy factor. Calculate the energy
factor, EF, expressed in cubic feet per kilo-
watt-hour per cycle (or liters per kilowatt-
hour per cycle) and defined as:

EF=C/E1s

where:

C=As defined in 3.1.5.
Ere=As defined in 4.1.7.

WCF=Qr/C 5. Test Loads
TABLE 5.1—TEST LOAD SIZES
Container volume Minimum load Maximum load Average load
s gren b | k) | b | k) | b | (o

0-0.8 ... 0-22.7 3.00 1.36 3.00 1.36 3.00 1.36
0.80-0.90 22.7-25.5 3.00 1.36 3.50 1.59 3.25 1.47
0.90-1.00 25.5-28.3 3.00 1.36 3.90 1.77 3.45 1.56
1.00-1.10 28.3-31.1 3.00 1.36 4.30 1.95 3.65 1.66
1.10-1.20 31.1-34.0 3.00 1.36 4.70 213 3.85 1.75
1.20-1.30 34.0-36.8 3.00 1.36 5.10 2.31 4.05 1.84
1.30-1.40 36.8-39.6 3.00 1.36 5.50 2.49 4.25 1.93
1.40-1.50 39.6-42.5 3.00 1.36 5.90 2.68 4.45 2.02
1.50-1.60 42.5-45.3 3.00 1.36 6.40 2.90 4.70 2.13
1.60-1.70 45.3-48.1 3.00 1.36 6.80 3.08 4.90 2.22
1.70-1.80 48.1-51.0 3.00 1.36 7.20 3.27 5.10 2.31
1.80-1.90 51.0-53.8 3.00 1.36 7.60 3.45 5.30 2.40
1.90-2.00 53.8-56.6 3.00 1.36 8.00 3.63 5.50 2.49
2.00-2.10 56.6-59.5 3.00 1.36 8.40 3.81 5.70 2.59
2.10-2.20 59.5-62.3 3.00 1.36 8.80 3.99 5.90 2.68
2.20-2.30 62.3-65.1 3.00 1.36 9.20 417 6.10 2.77
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TABLE 5.1—TEST LOAD SizeES—Continued
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Container volume Minimum load Maximum load Average load

s dren b | G | b | G | b | ()
2.30-2.40 65.1-68.0 3.00 1.36 9.60 4.35 6.30 2.86
2.40-2.50 68.0-70.8 3.00 1.36 10.00 4.54 6.50 2.95
2.50-2.60 70.8-73.6 3.00 1.36 10.50 4.76 6.75 3.06
2.60-2.70 73.6-76.5 3.00 1.36 10.90 4.94 6.95 3.15
2.70-2.80 76.5-79.3 3.00 1.36 11.30 5.13 7.15 3.24
2.80-2.90 79.3-82.1 3.00 1.36 11.70 5.31 7.35 3.33
2.90-3.00 82.1-85.0 3.00 1.36 12.10 5.49 7.55 3.42
3.00-3.10 85.0-87.8 3.00 1.36 12.50 5.67 7.75 3.52
3.10-3.20 87.8-90.6 3.00 1.36 12.90 5.85 7.95 3.61
3.20-3.30 90.6-93.4 3.00 1.36 13.30 6.03 8.15 3.70
3.30-3.40 93.4-96.3 3.00 1.36 13.70 6.21 8.35 3.79
3.40-3.50 96.3-99.1 3.00 1.36 14.10 6.40 8.55 3.88
3.50-3.60 99.1-101.9 3.00 1.36 14.60 6.62 8.80 3.99
3.60-3.70 101.9-104.8 3.00 1.36 15.00 6.80 9.00 4.08
3.70-3.80 104.8-107.6 3.00 1.36 15.40 6.99 9.20 417

Notes:

(1) All test load weights are bone dry weights.

(2) Allowable tolerance on the test load weights are +0.10 Ibs (0.05 kg).

6. Waivers and Field Testing

6.1 Waivers and Field Testing for Non-con-
ventional Clothes Washers. Manufacturers of
nonconventional clothes washers, such as
clothes washers with adaptive control sys-
tems, must submit a petition for waiver pur-
suant to 10 CFR 430.27 to establish an accept-
able test procedure for that clothes washer.
For these and other clothes washers that
have controls or systems such that the DOE
test procedures yield results that are so un-
representative of the clothes washer’s true
energy consumption characteristics as to
provide materially inaccurate comparative
data, field testing may be appropriate for es-
tablishing an acceptable test procedure. The
following are guidelines for field testing
which may be used by manufacturers in sup-
port of petitions for waiver. These guidelines
are not mandatory and the Department may
determine that they do not apply to a par-
ticular model. Depending upon a manufac-
turer’s approach for conducting field testing,
additional data may be required. Manufac-
turers are encouraged to communicate with
the Department prior to the commencement
of field tests which may be used to support a
petition for waiver. Section 6.3 provides an
example of field testing for a clothes washer
with an adaptive water fill control system.
Other features, such as the use of various
spin speed selections, could be the subject of
field tests.

6.2 Nonconventional Wash System Energy
Consumption Test. The field test may consist
of a minimum of 10 of the nonconventional
clothes washers (‘“‘test clothes washers’’) and
10 clothes washers already being distributed
in commerce (‘‘base clothes washers’). The
tests should include a minimum of 50 energy
test cycles per clothes washer. The test
clothes washers and base clothes washers

should be identical in construction except
for the controls or systems being tested.
Equal numbers of both the test clothes wash-
er and the base clothes washer should be
tested simultaneously in comparable set-
tings to minimize seasonal or consumer
laundering conditions or variations. The
clothes washers should be monitored in such
a way as to accurately record the total en-
ergy consumption per cycle. At a minimum,
the following should be measured and re-
corded throughout the test period for each
clothes washer: Hot water usage in gallons
(or liters), electrical energy usage in Kkilo-
watt-hours, and the cycles of usage.

The field test results would be used to de-
termine the best method to correlate the
rating of the test clothes washer to the rat-
ing of the base clothes washer. If the base
clothes washer is rated at A kWh per year,
but field tests at B kWh per year, and the
test clothes washer field tests at D kWh per
year, the test unit would be rated as follows:

Ax(D/B)=G kWh per year

6.3 Adaptive water fill control system field
test. Section 3.2.3.1 defines the test method
for measuring energy consumption for
clothes washers which incorporate control
systems having both adaptive and alternate
cycle selections. Energy consumption cal-
culated by the method defined in section
3.2.3.1 assumes the adaptive cycle will be
used 50 percent of the time. This section can
be used to develop field test data in support
of a petition for waiver when it is believed
that the adaptive cycle will be used more
than 50 percent of the time. The field test
sample size should be a minimum of 10 test
clothes washers. The test clothes washers
should be totally representative of the de-
sign, construction, and control system that
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will be placed in commerce. The duration of
field testing in the user’s house should be a
minimum of 50 energy test cycles, for each
unit. No special instructions as to cycle se-
lection or product usage should be given to
the field test participants, other than inclu-
sion of the product literature pack which
would be shipped with all units, and instruc-
tions regarding filling out data collection
forms, use of data collection equipment, or
basic procedural methods. Prior to the test
clothes washers being installed in the field
test locations, baseline data should be devel-
oped for all field test units by conducting
laboratory tests as defined by section 1
through section 5 of these test procedures to
determine the energy consumption, water
consumption, and remaining moisture con-
tent values. The following data should be
measured and recorded for each wash load
during the test period: wash cycle selected,
the mode of the clothes washer (adaptive or
manual), clothes load dry weight (measured
after the clothes washer and clothes dryer
cycles are completed) in pounds, and type of
articles in the clothes load (e.g., cottons, lin-
ens, permanent press). The wash loads used
in calculating the in-home percentage split
between adaptive and manual cycle usage
should be only those wash loads which con-
form to the definition of the energy test
cycle.
Calculate:

T=The total number of energy test cycles
run during the field test

T ,=The total number of adaptive control en-
ergy test cycles

T n=The total number of manual control en-
ergy test cycles

The percentage weighting factors:

P.=(T./T)x100 (the percentage weighting for
adaptive control selection)
Pn=(Tw/T)x100 (the percentage weighting for
manual control selection)

Energy consumption (HEr, MEr, and Dg)
and water consumption (Qr), values cal-
culated in section 4 for the manual and
adaptive modes, should be combined using P,
and P,, as the weighting factors.

[62 FR 45508, Aug. 27, 1997; 63 FR 16669, Apr.
6, 1998, as amended at 66 FR 3330, Jan. 12,
2001; 68 FR 62204, Oct. 31, 2003; 69 FR 18803,
Apr. 9, 2004]
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APPENDIXES K-L TO SUBPART B OF PART
430 [RESERVED]

APPENDIX M TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF CENTRAL AIR CONDITIONERS

1. Definitions

1.1 “Annual performance factor’” means
the total heating and cooling done by a heat
pump in a particular region in one year di-
vided by the total electric power used in one
year.

1.2 “ARI” means Air-Conditioning and
Refrigeration Institute.

1.3 “ARI Standard 210-79” means the test
standard published in 1979 by the ARI and ti-
tled ‘“‘Standard for Unitary Air-Conditioning
Equipment’.

1.4 “ARI Standard 240-77" means the test
standard published in 1977 by the ARI and ti-
tled ““Standard for Air-Source Unitary Heat
Pump Equipment’.

1.5 “ARI Standard 320-76" means the test
standard published in 1976 by the ARI and ti-
tled ‘‘Standard for Water-Source Heat
Pumps’”. The single number HSPF energy
conservation standard for central air condi-
tioning heat pumps specified in section
325(d)(2) (A) and (B) is based on Region IV
and the standardized DHR found in section 6
of this appendix, nearest the capacity meas-
ured in the 47 °F test.

1.6 ‘““ASHRAE’ means the American Soci-
ety of Heating, Refrigeration and Air-Condi-
tioning Engineers, Inc.

1.7 “ASHRAE Standard 37-78" means the
test standard published by ASHRAE in 1978
and titled ‘““Methods of Testing for Rating
Unitary Air-Conditioning and Heat Pump
Equipment.”’

1.8 ‘“*Continuously recorded” means a
method of recording measurements in inter-
vals no greater than 5 seconds.

1.9 ‘*Cooling load factor (CLF)”’ means the
ratio of the total cooling done in a complete
cycle of a specified time period, consisting of
an ‘“‘on’ time and ‘‘off”’” time, to the steady-
state cooling done over the same period at
constant ambient conditions.

1.10 “‘Cyclic Test” means a test where the
indoor and outdoor conditions are held con-
stant, but the unit is manually turned ‘“‘on”’
and ‘“‘off”” for specific time periods to simu-
late part-load operation.

1.11 “‘Degradation coefficient (Cp)’’ means
the measure of the efficiency loss due to the
cycling of the unit.
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1.12 “Demand-defrost control system”
means a system which is designed to perform
the defrost function on the outdoor coil of
the heat pump only when a predetermined
degradation of performance is measured.

1.13 “‘Design heating requirement (DHR)”
is the amount of heating required to main-
tain a given indoor temperature at a par-
ticular outdoor design temperature.

1.14 “‘Dry-coil test” means a test con-
ducted at a wet-bulb temperature and a dry-
bulb temperature such that moisture will
not condense on the evaporator coil of the
unit.

1.15 ‘*Heating seasonal performance factor
(HSPF)’ means the total heating output of a
heat pump during its normal annual usage
period for heating divided by the total elec-
tric power input during the same period.

1.16 ‘‘Heating load factor (HLF)”’ means
the ratio of the total heating done in a com-
plete cycle of a specified time period, con-
sisting of an ‘“‘on’ time “‘off”’ time, to the
steady state heating done over the same pe-
riod at constant ambient conditions.

1.17 ‘“‘Latent cooling” means the amount
of cooling in Btu’s necessary to remove
water vapor from the air passing over the in-
door coil by condensation during a period of
time.

1.18 ‘“‘Part-load factor (PLF)”’ means the
ratio of the cyclic energy efficiency ratio to
the steady-state energy efficiency ratio at
identical ambient conditions.

1.19 “‘Seasonal energy efficiency ratio
(SEER)”” means the total cooling of a central
air conditioner in Btu’s during its normal
annual usage period for cooling divided by
the total electric power input in watt-hours
during the same period.

1.20 “*Sensible cooling’” means the amount
of cooling in Btu’s performed by a unit over
a period of time, excluding latent cooling.

1.21 “*Single package unit” means any
central air conditioner in which all the
major assemblies are enclosed in one cabi-
net.

1.22 “*Split system’ means any central air
conditioner in which one or more of the
major assemblies are separate from the oth-
ers.

1.23 ‘“‘Steady-state test’” means a test in
which all indoor and outdoor conditions are
held constant and the unit is in non-chang-
ing operating mode.

1.24 ““Temperature bin”” means a 5 °F in-
crement over a dry-bulb temperature range
of 65 °F through 104 °F for the cooling cycle
and —25 °F through 64 °F for the heating
cycle.

1.25 “‘Time-temperature defrost control
system’” means a system which automati-
cally provides the defrost function at a pre-
determined time interval whenever the out-
door temperature drops below a level where
frosting will occur.
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1.26 “‘Test condition tolerance’” means the
maximum permissible variation of the aver-
age of the test observations from the stand-
ard or desired test condition as provided in
6.1.1, 6.2.1, 6.2.2, and 6.2.3 of this Appendix.

1.27 “*Test operating tolerance’” means the
maximum permissible difference between the
maximum and the minimum instrument ob-
servation during a test as provided in 6.1.1,
6.2.1, 6.2.2, and 6.2.3 of this Appendix.

1.28 ““Wet-coil test” means a test con-
ducted at a wet-bulb temperature and a dry-
bulb temperature such that moisture will
condense on the test unit evaporator coil.

2. Testing Required

2.1 Testing required for air source cooling
only units. Two steady state wet coil tests re-
quired to be performed, test A and test B.
Test A is to be conducted as an outdoor dry
bulb temperature of 95 °F and test B at 82
°F. Test C and D are optional tests to be con-
ducted when cyclic performance parameters
are to be measured in order to determine the
degradation coefficient, CP Test C is a steady
state dry coil test conducted at an outdoor
dry bulb temperature of 82 °F. Test D is a cy-
clic test also conducted at an outdoor dry
bulb temperature of 82 °F. In lieu of con-
ducting tests C and D, an assigned value of
0.25 may be used for the degradation coeffi-
cient, CP.

2.1.1 Testing required for units with single
speed compressors and single speed condenser
fans. Test A and test B shall be performed
according to the test procedures outlined in
4.1 of this Appendix. In addition, the cyclic
performance shall be evaluated by con-
ducting test C and D according to the re-
quirements outlined in 4.1 of this Appendix.

2.1.2 Testing required for units with single
speed compressors and multiple-speed condenser
fans. The test requirements for multiple-
speed condenser fan units shall be the same
as described in section 2.1.1 for single speed
condensor fan units.

2.1.3 Testing required for units with two-
speed compressors, two compressors, or cylinder
unloading. The test requirements for two-
speed compressor units, two compressor
units, or units with cylinder unloading are
the same as described in 2.1.1 of this Appen-
dix except that test A and test B shall be
performed at each compressor speed or at
each compressor capacity.

2.1.4 Testing required for units with two-
speed compressors, two compressors, or cylinder
unloading capable of varying the sensible to
total (S/T) capacity ratio. When a unit employ-
ing a two-speed compressor, two compres-
sors, or cylinder unloading provides a meth-
od of varying the ratio of the sensible cool-
ing capacity to the total cooling capacity,
(S/T), the test requirements are the same as
for two-speed compressor units as described
in 2.1.3 of this Appendix.
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2.1.5 Testing required for units with triple-
capacity compressors. (Reserved)

2.1.6 Testing required for units with vari-
able-speed compressors. The tests for variable-
speed equipment consist of five (5) wet coil
tests and two (2) dry coil tests. Two of the
wet coil tests, A and B, are conducted at the
maximum speed. Two wet coil tests, B, and
low temperature test, are conducted at the
minimum speed. The fifth wet coil test is
conducted at an intermediate speed. Dry coil
tests, C and D, are conducted at the min-
imum speed if the coefficient of degradation
(Cp) value of 0.25 is not adopted. The test
conditions and procedures for the above are
outlined in sections 3.1 and 4.1 of this Appen-
dix.

2.1.7 Testing required for split-type ductless
systems. The tests for split-type ductless sys-
tems are determined by the type of com-
pressor installed in the outdoor unit. For the
appropriate tests refer to sections 2.1.1, 2.1.2,
2.1.3,2.1.4, 2.1.5, or 2.1.6 of this Appendix.

2.2 Testing required for air source heating
only units. Four types of tests are required to
be performed: High Temperature, Cyclic,
Frost Accumulation, and Low Temperature.
In lieu of conducting the Cyclic Test an as-
signed value of 0.25 may be used for the deg-
radation coefficient, CP.

2.2.1 Testing required for units with single
speed compressors. Units with single speed
compressors shall be subjected respectively
to the High Temperature Test at 47 °F de-
scribed in section 3.2.1.1, the Cyclic Test as
described in section 3.2.1.2, the Frost Accu-
mulation Test as described in section 3.2.1.3,
and the Low Temperature Test as described
in section 3.2.1.4.

2.2.2 Testing required for units with two-
speed compressors, two compressors, or cylinder
unloading. With the unit operating: at high
compressors speed (two-speed compressor),
with both compressors in operation (two-
compressors), or at the maximum capacity
(cylinder unloading); the following tests are
required to be performed on all units; the
High Temperature Test at 47 °F, the Frost
Accumulation Test, and the Low Tempera-
ture Test. An additional test (cyclic at 47 °F)
is required, with the unit operating at the
high compressor speed (two-speed com-
pressor), with both compressors in operation
(two compressors), or at the maximum ca-
pacity (cylinder unloading); if the normal
mode of operation requires cycling “‘on”” and
“off”” of the compressor(s) at high speed or
maximum capacity.

With the unit operating: at the low com-
pressor speed (two-speed compressor), with
the single compressor which normally oper-
ates at low loads (two compressors), or at
the low compressor capacity (cylinder un-
loading); the following tests are required to
be performed on all units: the High Tempera-
ture Test at 47 °F, the High Temperature
Test at 62 °F, and the Cyclic Test. Addi-
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tional tests, (Frost Accumulation Test and
Low Temperature Test) are required, with
the unit operating: on low compressor speed
(two-speed compressor), with the single com-
pressor which normally operates at low loads
(two compressors) or at the low compressor
capacity (cylinder unloading), if the unit’s
low speed, one compressor or low capacity
performance at and below 40 °F is needed to
calculate its seasonal performance.

2.2.3 Testing required for units with triple-
capacity compressors. (Reserved)

2.2.4 Testing required for units with vari-
able-speed compressors. There are seven basic
tests and one optional test for variable-speed
units. Three tests (high temperature test,
low temperature test, and frost accumula-
tion test) are performed at the maximum
speed. Three tests (two high temperature and
one cyclic test) are performed with the unit
operating at minimum speed. A second frost
accumulation test is performed at an inter-
mediate speed. The intermediate speed is the
same as in the cooling mode.

In lieu of the maximum speed frost accu-
mulation test, two equations are provided in
section 4.2 of this Appendix. In lieu of the cy-
clic test an assigned value of 0.25 may be
used for the coefficient of degradation Cp.
The optional test is a nominal capacity test
applicable to units which have a heating
mode maximum speed greater than the cool-
ing mode maximum speed. The conditions
and procedures for the above tests are de-
scribed in sections 3.2 and 4.2 respectively, of
this Appendix.

2.2.5 Testing required for split-type ductless
system. The type of compressor installed in
the outdoor unit determines the testing re-
quired, refer to previous sections 2.2.1, 2.2.2,
2.2.3, or 2.2.4. The conditions and procedures
will be modified as indicated for the various
types as stated in sections 3.2 and 4.2 respec-
tively.

2.3 Testing required for air source units
which provide both heating and cooling. The
requirements for units which provide both
heating and cooling shall be the same as the
requirements in Section 2.1. and 2.2 of this
Appendix.

3. Testing Conditions

3.1 Testing conditions for air source cooling
only units. The test room requirement and
equipment installation procedures are the
same as those specified in sections 11.1 and
11.2 of ASHRAE Standard 37-78. Units de-
signed for both horizontal and vertical in-
stallation shall be tested in the orientation
in which they are most frequently installed.
All tests shall be performed at the normal
residential voltage and frequency for which
the equipment is designed (either 115 or 230
volts and 60 hertz), the test installation shall
be designed such that there will be no air
flow through the cooling coil due to natural
or forced convection while the indoor fan is
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“off””. This shall be accomplished by install-

ing dampers upstream and downstream of

the test unit to block the off period air flow.

Values of capacity for rating purposes are to

be rounded off to the nearest 100 Btu/hour for

capacities less than 20,000 Btu/hour; to the
nearest 200 Btu/hour for capacities between

20,000 and 37,999 Btu/hour; and to the nearest

500 Btu/hour for capacities between 38,000

and 64,999 Btu/hour.

The following conditions listed in ARI
Standard 210.79 shall apply to all tests per-
formed in Section 3.1 of this Appendix:
5.1.3.4 Cooling Coil Air Quantity.
5.1.3.6 Requirements for Separated Assem-

blies.

3.1.1 Testing conditions for units with single
speed compressors and single speed condenser
fans.
3.1.1.1 Steady state wet-coil performance

tests (Test A and Test B). Test A and test B

shall be performed with the air entering the

indoor side of the unit having a dry-bulb
temperature of 80 °F and a wet-bulb tem-
perature of 87 °F. The dry-bulb temperature
of the air entering the outdoor side of the
unit shall be 95 °F in test A and 82 °F in test
B. The temperature of the air surrounding
the outdoor side of the unit in each test shall
be the same as the outdoor entering air tem-
perature except for units or sections thereof
intended to be installed only indoors, in
which case the dry-bulb temperature sur-
rounding that indoor side of the unit shall be

80 °F. For those units which reject conden-

sate to the condenser, located in the outdoor

side of the unit, the outdoor wet-bulb tem-
perature surrounding the outdoor side of the
unit shall be 75 °F in test A and 65 °F in test

B.
3.1.1.2 Steady state dry coil performance test

(Test C) and cyclic dry coil performance test

(Test D). Test C and test D shall be performed

with the air entering the indoor side of the

unit having a dry-bulb temperature of 80 °F
and a wet-bulb temperature which does not
result in formation of condensate on the in-
door coil. (It is recommended that an indoor
wet-bulb temperature of 57 °F or less be
used.) The dry-bulb temperature of the air
entering the outdoor portion of the unit
shall be 82 °F. The outdoor portion of the
unit shall be subject to the same conditions
as the requirements for conducting test B as
stated previously in section 3.1.1.1. Test C
shall be conducted with the unit operating
steadily. Test D shall be conducted by cy-
cling the unit “on” and ‘“‘off’” by manual or
automatic operation of the normal control
circuit of the unit. The unit shall cycle with
the compressor ‘‘on” for 6 minutes and ‘“‘off”’
for 24 minutes. The indoor fan shall also
cycle ““on”” and “‘off”’, the duration of the in-
door fan ‘“‘on’ and ‘“‘off” periods being gov-
erned by the automatic controls which the
manufacturer normally supplies with the
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unit. The results of tests C and D shall be
used to calculate a degradation coefficient,
Cp by the procedures outlined in 5.1 of this
Appendix.

3.1.2 Testing conditions for units with single
speed compressors and multiple-speed condenser
fans. The condenser fan speed to be used in
test A shall be that speed which normally oc-
curs at an outdoor dry-bulb temperature of
95 °F, and for test B, the fan speed shall be
that which normally occurs at an outdoor
dry-bulb temperature of 82 °F. If elected to
be performed, tests C and D shall be con-
ducted at the same condenser fan speed as in
test B.

3.1.3 Testing conditions for units with two-
speed compressors, two compressors, or cylinder
unloading. The condenser fan speed used in
conducting test A at each compressor speed
shall be that which normally occurs at an
outdoor dry-bulb temperature of 95 °F. For
test B, the condenser fan speed at each com-
pressor speed shall be that which normally
occurs at an outdoor dry-bulb temperature of
82 °F. If elected to be performed, tests C and
D shall be conducted at the low compressor
speed with the same condenser fan speed as
used in test B. For those two-speed units in
which the normal mode of operation involves
cycling the compressor ‘“‘on’” and ‘“‘off” at
high speed, tests C and D shall also be per-
formed with the compressor operating at
high speed and at a condenser fan speed that
normally occurs at test A ambient condi-
tions. Units consisting of two compressors
are subject to the same requirements as
those units containing two-speed compres-
sors, except that when operated at high
speed, both compressors shall be operating
and when operating at low speed, only the
compressor which normally operates at an
outdoor dry-bulb temperature of 82 °F shall
be operating.

In lieu of conducting tests C and D, an as-
signed value of 0.25 may be used for the deg-
radation coefficient, Cp, at each compressor
speed. If the assigned degradation coefficient
is used for one compressor speed it must also
be used for the other compressor speed.

In the case of units with cylinder unload-
ing, the loaded and the unloaded conditions
correspond to high and low compressor speed
on two-speed units respectively.

3.1.4 Testing conditions for units with two-
speed compressors, two compressors, or cylinder
unloading capable of varying the sensible to
total (S/T) capacity ratio. The mode of oper-
ation selected for controlling the S/T ratio in
the performance of test A and test B at each
compressor speed shall be such that it does
not result in an operating configuration
which is not typical of a normal residential
installation. If elected to be performed, tests
C and D shall be conducted at low com-
pressor speed (single compressor operating)
with the same S/T control mode as used in
test B when performed at the low compressor
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speed. Likewise, tests C and D shall also be
conducted at high compressor speed (two
compressors operating) and with the same S/
T control mode as in test A when performed
at the high compressor speed.

In the case of units with cylinder unload-
ing, the loaded and unloaded conditions cor-
respond to high and low compressor speed on
two-speed units respectively.

3.1.5 Testing conditions for units with triple-
capacity compressors. (Reserved)

3.1.6 Additional testing conditions for cool-
ing-only units with variable-speed compressors.
For cooling-only units and air-source heat
pumps with varaible-speed compressors, the
air flow rate at fan speeds less than the max-
imum fan speed shall be determined by using
the fan law for a fixed resistance system.
The air flow rate is given by the ratio of the
actual fan speed to the maximum fan speed
multiplied by the air flow rate at the max-
imum fan speed. Minimum static pressure
requirements only apply when the fan is run-
ning at the maximum speed.

3.1.6.1 Testing conditions for steady-state
wet coil tests. Tests A and B shall be per-
formed at the maximum speed at conditions
specified in section 3.1.1 of this Appendix.
Test B, and the low temperature test are
performed at the minimum speed with out-
door dry bulb temperatures of 82 °F and 67 °F
respectively. The intermediate speed wet
coil test is performed at the outdoor dry bulb
temperature of 87 °F. For units which reject
condensate the outdoor wet bulb tempera-
ture shall be maintained at 75 °F for Test A,
65 °F for Tests B and B,, 53.5 °F for the low
temperature test and 69 °F for the inter-
mediate test. The indoor conditions for all
wet coil tests are the same as those given in
section 3.1.1 of this Appendix.

3.1.6.2 Test conditions for dry coil tests. Dry
coil Tests C and D are conducted at an out-
door dry bulb temperature of 67 °F. For units
which reject condensate the outdoor wet
bulb temperature shall be maintained at 53.5
°F. The indoor dry bulb temperature shall be
80 °F and the wet bulb temperature shall be
sufficiently low so no condensation occurs on
the evaporator (It is recommended that an
indoor wet bulb temperature of 57 °F or less
be used).

3.1.7 Split-type ductless systems. Test condi-
tions shall be the same as those specified for
the same single outdoor unit compressor
type, assuming it was matched with a single
indoor coil.

3.1.7.1 Interconnection. For split-type duct-
less systems, all standard rating tests shall
be performed with a minimum length of 25
feet of interconnecting tubing between each
indoor fan-coil unit and the common outdoor
unit. Such equipment in which the inter-
connection tubing is furnished as an integral
part of the machine not recommended for
cutting to length shall be tested with com-
plete length of tubing furnished, or with 25

Pt. 430, Subpt. B, App. M

feet of tubing, whichever is greater. At least
10 feet of the interconnection tubing shall be
exposed to the outside conditions. The line
sizes, insulation and details of installation
shall be in accordance with the manufactur-
er’s published recommendation.

3.1.7.2 Control testing conditions for split-
type ductless systems. For split-type ductless
systems, a single control circuit shall be sub-
stituted for any multiple thermostats in
order to maintain a uniform cycling rate
during test D and the high temperature heat-
ing cyclic test. During the steady-state
tests, all thermostats shall be shunted re-
sulting in all indoor fan-coil units being in
operation.

3.1.7.3 Split-type ductless systems with mul-
tiple coils or multiple discharge outlets shall
have short plenums attached to each outlet.
Each plenum shall discharge into a single
common duct section, the duct section in
turn discharging into the air measuring de-
vice (or a suitable dampering device when di-
rect air measurement is not employed). Each
plenum shall have an adjustable restrictor
located in the plane where the plenums enter
the common duct section for the purpose of
equalizing the static pressures in each ple-
num. The length of the plenum is a min-
imum of 2.5x(AxB)>, A=width and B=height
of duct or outlet. Static pressure readings
are taken at a distance of 2x(AxB)-5 from the
outlet.

3.2 Testing conditions for air source heating
only units. The equipment under test shall be
installed according to the requirements of
Section 11.2 of ASHRAE Standard 37-78 and
Section 5.1.4.5 of ARI Standard 240-77. Test
chamber requirements are the same as given
in Section 11.1 of ASHRAE Standard 37-78.
Units designed for both horizontal and
vertical installation shall be tested in the
orientation in which they are most often in-
stalled. All tests shall be performed at the
normal residential voltage and frequency for
which the equipment is designed (either 115
or 230 volts and 60 hertz). VValues of capacity
for rating purposes are to be rounded off to
the nearest 100 Btu/hour for capacities less
than 20,000 Btu/hour; to the nearest 200 Btu/
hour for capacities between 20,000 and 37,999
Btu/hour; and to the nearest 500 Btu/hour for
capacities between 38,000 and 64,999 Btu/hour.

3.2.1 Testing conditions for units with single
speed compressors.

3.2.1.1 High temperature test conditions. The
High Temperature Test at 47 °F shall be con-
ducted at an outdoor dry-bulb temperature
of 47 °F and an outdoor wet-bulb tempera-
ture at 43 °F. The High Temperature Test at
62 °F shall be conducted at an outdoor dry-
bulb temperature of 62 °F and an outdoor
wet-bulb temperature of 56.5 °F. For both
tests, the dry-bulb air temperature entering
and surrounding the indoor portion of the
unit shall be 70 °F and a maximum wet-bulb
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temperature of 60 °F. The duration of the
tests shall be for a minimum of ¥z hour.

3.2.1.2 Cycling test conditions. The Cycling
Test at 47 °F shall be conducted at the same
dry-bulb and wet-bulb temperature as the
High Temperature Test at 47 °F as described
in 3.2.1.1. During the Cycling Test, the indoor
fan shall cycle ““on”” and ‘“‘off’’, as the com-
pressor cycles ‘““on” and ‘“‘off’’, except that
the indoor fan cycling times may be delayed
due to controls that are normally installed
with the unit. The compressor cycling times
shall be 6 minutes “On” and 24 minutes
“off.”” The test installation shall be designed
such that there will be no airflow through
the indoor unit due to natural or forced con-
vection while the indoor fan is “off.”” This
shall be accomplished by installing dampers
upstream and downstream of the test unit to
block the off period airflow.

3.2.1.3 Frost accumulation test conditions.
The dry-bulb temperature and the resultant
dew-point temperature of the air entering
the outdoor portion of the unit shall be 35 °F
and 30 °F respectively. The indoor dry-bulb
temperature shall be 70 °F and the maximum
indoor wet-bulb temperature shall be 60 °F.
The Frost Accumulation Test requires that
the unit undergo a defrost prior to the actual
test. The test then begins at defrost termi-
nation and ends at the next defrost termi-
nation. Defrost termination occurs when the
controls normally installed within the unit
are actuated to cause it to change defrost op-
eration to normal heating operation. During
the test, auxiliary resistance heaters shall
not be employed during either the heating or
defrost portion of the test.

3.2.1.4 Low temperature test conditions. The
Low Temperature Test shall be conducted at
a dry-bulb temperature entering the outdoor
portion of the unit of 17 °F and a wet-bulb
temperature of 15 °F. The air entering the in-
door portion of the unit shall have a dry-bulb
temperature of 70 °F and a maximum wet-
bulb temperature of 60 °F.

3.2.1.5 Additional testing conditions. All
tests shall be conducted at the indoor-side
air quantities specified in Sections 4.1.4.3 and
5.1.4.6 and Table 2 of ARI Standard 240-77.
The following conditions listed in ARI
Standard 240-77 shall apply to all tests per-
formed in Section 3.2 of this Appendix.

3.2.3 Testing conditions for units with triple-
capacity compressors. (Reserved)

3.2.4 Testing conditions for units with vari-
able-speed compressors. The testing condition
for variable-speed compressors shall be the
same as those for single speed units as de-
scribed in section 3.2.1 of this Appendix with
the following exceptions; the cyclic test is
performed with an outdoor dry bulb tempera-
ture of 62 °F and a wet bulb temperature of
56.5 °F. The optional, nominal capacity test
shall be performed at the conditions speci-
fied for the 47 °F high temperature test.
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3.2.5 Testing conditions for split-type duct-
less system. The testing conditions for split-
type ductless systems shall be based on the
type of compressor installed in the single
outdoor unit. The heating mode shall have
the same piping and control requirements as
in 3.1.7.
5.4.4.4 Outdoor-Side Air Quantity; and
5.1.4.5 Requirements for Separated Assem-

blies.

In all tests, the specified dry-bulb tempera-
ture entering the outdoor portion of the unit
also applies to the air temperature sur-
rounding the outdoor portion of the unit.
Similarly, models where portions are in-
tended to be installed indoors shall have the
air temperature surrounding that portion of
the unit the same as the indoor air tempera-
ture.

3.2.2 Testing conditions for units with two-
speed compressors, two compressors or cylinder
unloading. The testing conditions for two-
speed compressors, two compressors, or cyl-
inder unloading shall be the same as those
for single speed units as described in 3.2.1.

3.3 Testing conditions for air source units
which provide both heating and cooling. The
testing conditions for units which provide
both heating and cooling shall be the same
as the requirements in Sections 3.1 and 3.2 of
this Appendix.

4.0 Testing procedures. Measure all elec-
trical inputs as described in the procedures
below. All electrical measurements during
all “on’ and *‘off”” periods shall include aux-
iliary power or energy (controls, trans-
formers, crankcase heaters, etc.) delivered to
the unit.

4.1 Test procedures for air source cooling-
only units. All steady-state wet- and dry-coil
performance tests on single package units
shall simultaneously employ the Air-En-
thalpy Method (Section 3 of ASHRAE Stand-
ard 37-78) on the indoor side and one other
method consisting of either the Air-Enthalpy
Method or the Compressor Calibration Meth-
od (Section 4 of ASHRAE Standard 37-78 on
the outdoor side. All steady-state wet- and
dry-coil performance tests on split systems
shall simultaneously employ the Air-En-
thalpy Method or the Compressor Calibra-
tion Method on the indoor side and the Air-
Enthalpy Method, the Compressor Calibra-
tion Method or the Volatile Refrigerant
Flow Method (Section 5 of ASHRAE Stand-
ard 37-78) on the outside. All cyclic dry-coil
performance tests shall employ the Air-En-
thalpy Method, indoor side only. The values
calculated from the two test methods must
agree within 6 percent in order to constitute
a valid test. Only the results from the Air-
Enthalpy Method on the indoor side shall be
used in the calculations in Section 5.1. Units
shall be installed and tested in such a man-
ner that when operated under steady-state
conditions, the cooling coil and condenser
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coil air flows meet the requirements of Sec-
tions 5.1.3.4, 5.1.3.5, and 5.1.3.7 of ARI Stand-
ard 210.79.

4.1.1 Test operating procedures.

4.1.1.1 Steady-state wet-coil performance
tests (Test A and Test B). Steady-state wet-
coil performance tests (A and B) shall be
conducted in accordance with the conditions
described in sections 3.1.1.1, 3.1.2, 3.1.3, 3.1.4,
and 3.1.5 of this Appendix and the procedures
described for cooling tests in Section 11.3 of
ASHRAE standard 37-78 and evaluated in ac-
cordance with the cooling-related require-
ments of Section 12 of the ASHRAE Stand-
ard 37-78. The test room reconditioning appa-
ratus and the equipment under test shall be
operated until equilibrium conditions are at-
tained.

4.1.1.2 Steady-state and cyclic dry-coil per-
formance tests (Test C and Test D). The steady-
state and cyclic dry-coil tests (C and D) shall
be conducted as described below in accord-
ance with the conditions described in sec-
tions 3.1.1.2, 3.1.2, 3.1.3, 3.1.4, and 3.1.5 of this
Appendix. The results shall be evaluated in
accordance with the cooling related require-
ments of Sections 12.1.5, 12.1.6, 12.1.7, of
ASHRAE Standard 37.78. The test room re-
conditioning apparatus and the equipment
under test shall be operated until equi-
librium conditions are attained, but not for
less than one hour before data for test C are
recorded. For all equipment test methods in-
cluding the Compressor Calibration Method,
test C shall be performed with data recorded
at 10-minute intervals until four consecutive
sets of readings are attained with the toler-
ance prescribed in Section 11.6 of ASHRAE
Standard 37-78. When the Air-Enthalpy
Method is used on the outdoor side for test C,
the requirements of this section shall apply
to both the preliminary test and the regular
equipment test; the requirements of Section
3.6 of ASHRAE Standard 37-78 shall also
apply. Immediately after test C is completed
the test unit shall be manually cycled “‘off”
and ‘‘on”” using the time periods from 3.1.1 of
this Appendix until steadily repeating ambi-
ent conditions are again achieved in both the
indoor and outdoor test chambers, but for
not less than 2 complete ‘“‘off’/*‘on’" cycles.
Without a break in the cycling pattern, the
unit shall be run through an additional
“off”’/*on”” cycle during which the test data
required in 5.1 shall be recorded. During this
last cycle, which is referred to as the test
cycle, the indoor and outdoor test room am-
bient conditions shall remain within the tol-
erances specified in 4.1.3 of this Appendix
during the cyclic dry-coil tests, all air mov-
ing equipment on the condenser side shall
cycle “on” and “‘off” when the compressor
cycles ““on’” and “‘off”’. The indoor air moving
equipment shall also cycle ““off”” as governed
by any automatic controls normally in-
stalled with the unit. This last requirement
applies to units having an indoor fan time
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delay. Units not supplied with an indoor fan
time delay shall have the indoor air moving
equipment cycle ““on’” and ‘“‘off’” as the com-
pressor cycles “‘on’” and “‘off.”

Cooling cyclic tests for variable-speed
units shall be conducted by cycling the com-
pressor 12 minutes ‘“on’” and 48 minutes
““off””. The capacity shall be measured for the
integration time (6), which is the compressor
““on’’ time of 12 minutes or the “‘on’” time as
extended by fan delay, if so equipped. The
electrical energy shall be measured for the
total integration time (6.,.) of 60 minutes. In
lieu of conducting C and D tests, an assigned
value of 0.25 shall be used for the degradation
coefficient for cooling, Cp.

4.1.1.3 Testing procedures for triple-capacity
compressors. (Reserved)

4.1.1.4 Intermediate cooling steady-state test
for units with variable-speed compressors. For
units with variable-speed compressors, an in-
termediate cooling steady-state test shall be
conducted in which the unit shall be oper-
ated at a constant, intermediate compressor
speed (k=i) in which the dry/bulb and wet-
bulb temperatures of the air entering the in-
door coil are 80 °Fpg and 67 °Fwg and the out-
door coil are 87 °pg and 69 °Fwg. The toler-
ances for the dry-bulb and wet-bulb tempera-
tures of the air entering the indoor and out-
door coils shall be the test operating toler-
ance and test condition tolerance specified
in Table 6.1.1 of this Appendix. The inter-
mediate compressor speed shall be the min-
imum compressor speed plus one-third the
difference between the maximum and min-
imum speeds of the cooling mode. (Inter.
speed=min. speed+¥s (max. speed-—min.
speed.) A tolerance of plus five percent or the
next higher inverter frequency step from
that calculated is allowed.

4.1.1.5 Testing procedures for split-type duct-
less systems. Cyclic tests of ductless units will
be conducted without dampers. The data
cycle shall be preceded by a minimum of two
cycles in which the indoor fan cycles on and
off with the compressor. For the data cycle
the indoor fan will operate three minutes
prior to compressor cut-on and remain on for
three minutes after compressor cut-off. The
integration time for capacity and power
shall be from compressor cut-on time to in-
door fan cut-off time. The fan power for
three minutes after compressor cut-off shall
be added to the integrated cooling capacity.

4.1.2 Test instrumentation. The steady-
state and cyclic performance tests shall have
the same requirements pertaining to instru-
mentation and data as those specified in Sec-
tion 10 and Table Il of ASHRAE Standard
37.78. For the cyclic dry-coil performance
tests, the dry-bulb temperature of the air en-
tering and leaving the cooling coil, or the
difference between these two dry-bulb tem-
peratures, shall be continuously recorded
with instrumentation accurate to within +0.3
°F of indicated value and have a response
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time of 2.5 seconds or less. Response time in
the time required for the instrumentation to
obtain 63 percent of the final steady-state
temperature difference when subjected to a
step change in temperature difference of 15
°F or more. Electrical measurement devices
(watt-hour meters) used during all tests
shall be accurate to within +0.5 percent of in-
dicated value.

4.1.3 Test tolerances. All steady-state wet-
and dry-coil performance tests shall be per-
formed within the applicable operating and
test condition tolerances specified in Section
11.6 and Table 111 of ASHRAE Standard 37-78.

4.1.3.1 The indoor and outdoor average
dry-bulb temperature for the cyclic dry coil
test D shall both be within 1.0 °F of the in-
door and outdoor average dry bulb tempera-
ture for the steady-state dry coil test C, re-
spectively.

4.1.3.2 The test condition and test oper-
ating tolerances for conducting test D are
stated in 6.1.1 of this Appendix. Variation in
the test conditions greater than the toler-
ances prescribed in 6.1.1 of this Appendix
shall invalidate the test. It is suggested that
an electric resistance heater having a heat-
ing capacity approximately equal to the sum
of the cooling capacity and compressor and
condenser fan power should be installed in
the outdoor test room and cycled “‘off”” and
““on’” as the unit cycles “on”” and ‘“‘off” re-
spectively to improve control in the outdoor
test room. Similarly, an electric resistance
heater having a heating capacity approxi-
mately equal to the cooling capacity of the
unit could be installed in the indoor test
room, and cycled ‘“‘on”” and ‘“‘off’” as the test
unit cycles ““‘on”” and “‘off”” to improve indoor
room control.

4.2 Testing procedures for air source heating
only units.

4.2.1 Test operating procedures. All High
Temperature Tests, the Cyclic Test, the
Frost Accumulation Test, and the low Tem-
perature test shall have the performance
evaluated by the Air-Enthalpy Method on
the indoor side. In addition, the High Tem-
perature Test and the Low Temperature Test
shall have a simultaneous test method (as
described in 4.1) used as a check. The values
calculated from the two methods must agree
within 6 percent in order to constitute a
valid test. Only the results from the Air-En-
thalpy Method on the indoor side shall be
used in the calulations in section 5.2.

4.2.1.1 Test procedure for high temperature
test. When the outdoor Air-Enthalpy Method
is used, the outdoor chamber must not inter-
fere with the normal air circulating pattern
during the preliminary test. It is necessary
to determine and adjust for system resist-
ance when the outdoor air measuring appa-
ratus is attached to the outdoor portion of
the unit. The test room apparatus and test
units must be operated for at least one hour
with at least %> hour at equilibrium and at
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the specified test conditions prior to starting
the test. The High Temperature Test shall
then be conducted for a minimum of %2 hour
with intermittent data being recorded at 10-
minute intervals. For all units, especially
those having controls which periodically
cause the unit to operate in defrost mode, at-
tention should be given to prevent defrost
during the High Temperature Test. Units
which have undergone a defrost should oper-
ate in the heating mode for at least 10-min-
utes after defrost termination prior to the
start of the test. When the outdoor Air-En-
thalpy Method is used as a second test then
a preliminary test must be conducted for a
minimum of 30 minutes with 4 or more sets
of data recorded at 10 minute intervals, all
remaining requirements of Section 3.6.1 in
the ASHRAE Standard 37-78 shall then apply
in conducting the preliminary test for the
outdoor air enthalpy method. For some
units, at the ambient condition of the test,
frost may accumulate on the outdoor coil. If
the supply air temperature or the difference
between the supply air temperature and the
indoor air entering temperature has de-
creased by more than 1.5 °F at the end of the
test, the unit shall be defrosted and the test
restarted. Only the results of this second
High Temperature Test shall be used in the
heating seasonal performance calculation in
section 5.2. Prior to beginning the High Tem-
perature Test, a unit shall operate in the
heating mode for at least 10 minutes after
defrost termination to establish equilibrium
conditions for the unit and the room recondi-
tioning apparatus. The High Temperature
Test may only begin when the test unit and
room conditions are within the test condi-
tion tolerances specified in Section 6.2.1 of
this Appendix.

4.2.1.2 Test procedures for the cyclic test.
The cyclic test shall follow the High Tem-
perature Test and by cycled ‘“on’” and ‘‘off”
as specified in 3.2.1.2 until steadily repeating
ambient conditions are achieved for both the
indoor and outdoor test chambers, but for
not less than 2 complete ‘“‘off’/*on’ cycles.
Without a break in the cycling pattern, the
unit shall be operated through an additional
“off”’/*‘on”” cycle, during which the required
test data shall be recorded. During the last
cycle, which is referred to as the test cycle,
the indoor and outdoor test room ambient
conditions shall remain within the tolerance
specified in section 6.2.2. of this Appendix. If,
prior to the High Temperature Test, the unit
underwent a defrost cycle to rid the outdoor
coil of any accumulated frost, then prior to
cycling the unit ““off’” and ““on”’ it should be
made to undergo a defrost. After defrost is
completed and before starting the cycling
process, the unit shall be operated continu-
ously in the heating mode for a least 10 min-
utes to assure that equilibrium conditions
have again been established for the unit and
the room conditioning apparatus. Cycling
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the unit may begin when the test unit and
room conditions are within the High Tem-
perature Test condition tolerances specified
in section 6.2.1 of this Appendix. Attention
should be given to prevent defrost after the
cycling process has begun.

The cycle times for variable-speed units is
the same as the cyclic time in the cooling
mode as specified in section 4.1.1.2 of this Ap-
pendix. Cyclic tests of split-type ductless
units will be conducted without dampers,
and the data cycle shall be preceded by a
minimum of two cycles in which the indoor
fan cycles on and off with the compressor.
During the data cycle for the split type duct-
less units, the indoor fan will operate three
minutes prior to compressor ‘‘cut-on’” and
remain on for three minutes after com-
pressor ‘“‘cut-off”’. The integration time for
capacity and power will be from compressor
‘‘cut-on” time to indoor fan ‘“‘cut-off’” time.
The fan power for the three minutes after
compressor ‘‘cut-off”” shall be subtracted
from the integrated heating capacity. For
split-type ductless systems which turn the
indoor fan off during defrost, the indoor sup-
ply duct shall not be blocked.

4.2.1.3 Test procedures for the frost accumu-
lation test. The defrost controls shall be set
at the normal settings which most typify
those encountered in Region IV as described
in section 6.2.4 and 6.2.5 of this Appendix.
The test room reconditioning equipment and
the unit under test shall be operated for at
least ¥z hour prior to the start of a “‘prelimi-
nary’’ test period. The preliminary test pe-
riod and the test period itself are to be con-
ducted within the test tolerances given in
section 4.2.3.3 of this Appendix. In some
cases, the preliminary defrost cycle may be
manually induced, however, it is important
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that the normally operating controls govern
the defrost termination in all cases. For
units containing defrost controls which are
likely to cause defrost at intervals less than
one hour when the unit is operating at the
required test conditions, the preliminary
test period shall start at the termination of
a defrost cycle which automatically occurs
and shall end at the termination of the next
automatically occurring defrost cycle. For
units containing defrost controls which are
likely to cause defrost at intervals exceeding
one hour when operating at the required test
condition, the preliminary test period con-
sists of ‘“‘heating-only’ preliminary oper-
ation for at least one hour, after which a de-
frost may be manually or automatically in-
duced. The test period then begins at the ter-
mination of this defrost cycle and ends at
the termination of the next automatically
occurring defrost cycle. If the unit has not
undergone a defrost after 12 hours, then the
tests shall be concluded and the results cal-
culated for this 12-hour period. For units
which turn the indoor fan off during defrost
the indoor supply duct shall be blocked dur-
ing all defrost cycles to prevent natural or
forced convection through the indoor unit.
During defrost, resistance heaters normally
installed with the unit shall be prevented
from operating.

For units with variable-speed compressors,
the frost accumulation test at the inter-
mediate speed shall be conducted such that
the unit will operate at a constant, inter-
mediate compressor speed (k=i) as deter-
mined in section 4.1.1.4 of this Appendix. The
following two equations may be used in lieu
of the frost accumulation test for variable-
speed.

k=2 k=2 k=2 k=2

(a)Q (35=090*[Q UN+(Q UAN-Q ATNI*@B5-1T)/(4T-1T)
def ss ss ss
k=2 k=2 k=2 k=2

(b)E (35)=0985°*[E ((1D+(E ANH-E A7TN1°*35-17)/47-1T7)
def ss ss ss

4.2.1.4 Test procedures for the low tempera-
ture test. Where applicable, the High Tem-
perature Test preparation and performance
requirements shall also be used in the Low
Temperature Test. The test room recondi-
tioning equipment shall first be operated in
a steady-state manner for at least one-half
hour at equilibrium and at the specified test
conditions. The unit shall then undergo a de-
frost, either automatic or manually induced.
It is important that the unit terminate the
defrost sequence by the action of its own de-
frost controls. The defrost controls are to re-

main at the same setting as specified in
4.2.1.3. At a time no earlier than 10 minutes
after defrost termination, the test shall
start. Test duration is one-half hour. For all
units, defrost should be prevented during the
one-half hour test period.

4.2.2 Test instrumentation.

4.2.2.1 Test instrumentation for the high tem-
perature test. The indoor air flow rate shall be
determined as described in Section 7.1
through 7.4 of ASHRAE Standard 37-78. This
requires the construction of an air receiving
chamber and discharge chamber separated by

215



Pt. 430, Subpt. B, App. M

partition in which one or more nozzles are
located. The receiving chamber is connected
to the indoor air discharge side of the test
specimen through a short plenum. The ex-
haust side of the air flow rate measuring de-
vice contains an exhaust fan with some
means to vary its capacity to obtain the de-
sired external resistance to air flow rate.
The exhaust side is then left open to the test
room or is ducted through a conditioning ap-
paratus and then back to the test specimen
inlet. The static pressure across the nozzles,
the velocity pressure, and the static pressure
measurements at the nozzle throat shall be
measured with manometers which will result
in errors which are no greater than +1.0 per-
cent of indicated value and having minimum
scale divisions not exceeding 2.0 percent of
the reading. Static pressure and temperature
measurements must be taken at the nozzle
throat in order to obtain density of the air.
The areas of the nozzles shall be determined
by measuring their diameter with an error
no greater than 0.2 percent in four places
approximately 45 degrees apart around the
nozzle in each of two places through the noz-
zle throat, one at the outlets and the others
in the straight section near the radius. The
energy usage of the compressor, indoor and
outdoor fan, and all other equipment compo-
nents shall be measured with a watt-hour
meter which is accurate to within 0.5 per-
cent of the quantity measured. Measure-
ments of the air temperature entering and
leaving the indoor coil or the difference be-
tween these two shall be made in accordance
with the requirements of ASHRAE Standard
41 part 1. These temperatures shall be con-
tinuously recorded with instrumentation
having a total system accuracy within 0.3
°F of indicated value and a response time of
2.5 seconds or less. Temperature measure-
ments are to be made upstream of the static
pressure tap on the inlet and downstream of
the static pressure taps on the outlet. The
indoor and outdoor dry-bulb temperatures
shall be continuously recorded with instru-
mentation which will result in an error no
greater than 0.3 °F of indicated value. The
outdoor wet-bulb temperature shall be con-
tinuously recorded. Static pressure measure-
ments in the ducts and across the unit shall
be made in accordance with Section 8 of
ASHRAE Standard 37-78 using equipment
which will result in an error no greater than
+0.01 inch of water. Static pressure measure-
ments shall be made and recorded at 5
minute intervals. All other data not continu-
ously recorded shall be recorded at 10 minute
intervals.

4.2.2.2 Test instrumentation for the cycling
test. The air flow rate during the on-period of
the Cyclic Test shall be the same agreed
within 1. percent as the air flow rate meas-
ured during the previously conducted High
Temperature Test. All other instrumenta-
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tion requirements are identical to 4.2.2.1 of
this Appendix.

4.2.2.3 Test instrumentation for the frost ac-
cumulation test. The air flow rate for the
Frost Accumulation Test shall be the same
as described in 4.2.2.1. The indoor-side dry-
bulb temperature and outdoor-side dry-bulb
temperature shall be continuously recorded
with instrumentation having a total system
accuracy within $0.3 °F of indicated value.
The outdoor dew point temperature shall be
determined with an error no greater than
+0.5 °F of indicated value using continuously
recording instrumentation. All other data
shall be recorded at 10 minute intervals dur-
ing the heating cycle. Defrost initiation, ter-
mination and complete test cycle time (from
defrost termination to defrost termination)
shall be recorded. Defrost initiation is de-
fined as the actuation (either automatically
or manually) of the controls normally in-
stalled with the unit which cause it to alter
its normal heating operation in order to
eliminate possible accumulations of frost on
the outdoor coil. Defrost termination occurs
when the controls normally within the unit
are actuated to change from defrost oper-
ation to normal heating operation. Provi-
sions should be made so that instrumenta-
tion in capable of recording the cooling done
during defrost as well as the total electrical
energy usage during defrost. These data and
the continuously recorded data need be the
only data obtained during defrost.

4.2.2.4 Test instrumentation for the low tem-
perature test. Instrumentation for the Low
Temperature Test is identical to that of the
High Temperature Test described in section
4.2.2.1 of this Appendix.

4.2.3 Test tolerances.

4.2.3.1 Test tolerances for the high tempera-
ture test. All tests shall be conducted within
the tolerances specified in Section 6.2.1. Var-
iation greater than those given shall invali-
date the test. The heating capacity results
by the indoor Air Enthalpy Method shall
agree within 6 percent of the value deter-
mined by any other simultaneously con-
ducted capacity test in order for the test to
be valid.

4.2.3.2 Test tolerances for the cyclic test. The
test condition tolerances and test operating
tolerances for the on-period portion of the
test cycle are specified in Section 6.2.2. Vari-
ation exceeding any specified test tolerance
shall invalidate the test results.

4.2.3.3 Test tolerances for the frost accumu-
lation test. Test condition and test operating
tolerances for Frost Accumulation Tests are
specified in Section 6.2.3. Test operating tol-
erances during heating applies when the unit
is in the heating mode, except for the first 5
minutes after the termination of a defrost
cycle. Test operating tolerance during de-
frost applies during a defrost cycle and dur-
ing the first 5 minutes after defrost termi-
nation when the unit is operating in the
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heating mode. In determining whether the
test condition tolerances are met, only the
heating portion of the test period shall be
used in calculating the average values. Vari-
ations exceeding the tolerances presented in
Section 6.2.3 shall invalidate the test.

4.2.3.4 Test tolerances for the low tempera-
ture test. During the test period for the Low
Temperature Test, the operating conditions
shall be within the tolerances specified in
Section 6.2.1 of this Appendix.

4.3 Testing procedures for air source units
which provide both heating and cooling. The
testing procedures for units which provide
both heating and cooling shall be the same
as those specified in Sections 4.1 and 4.2 of
this Appendix. Also during the off-period of
the dry-coil cooling test (test D), the switch-
over valve shall remain in the cooling mode,
unless the controls normally supplied with
the unit are designed to reverse it, in which
case the controls shall operate the valve.
During the off-period of the cyclic heating
test at 47 °F, the switch-over valve shall re-
main in the heating mode, unless the con-
trols normally supplied with the unit are de-
signed to reverse it, in which case the con-
trols shall operate the valve.

5.0 Calculations for performance factors.

5.1 Calculations of seasonal energy effi-
ciency ratios (SEER) in air-source units.

The testing data and results required to
calculate the seasonal energy efficiency
ratio (SEER) in Btu’s per watt-hour shall in-
clude the following:

(i) Cooling capacities (Btu/hr) from tests A
and B and, if applicable, the cooling capacity
(Btu/hr) from test C and the total cooling
done from test D (Btu’s).

Qss k (95F)
Qs K (82F)
Qss, dry
Qcym dry

(ii) Electrical power input to all compo-
nents and controls (watts) from tests A, B,
and if applicable the electrical power input
to all components and controls (watts) from
test C and the electrical usage (watt-hour)
from test D.
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Where the cooling capacities Qs k (95F),
from test A, Q. k (82), from test B, and Q,
dry, from test C, are calculated using the
equations specified in section 3.7 of ASHRAE
Standard 37-78. The total cooling done, Qyc,
dry from test D, is calculated using equation
(1) below.

Units which do not have indoor air circu-
lating fans furnished as part of the model
shall have their measured total cooling ca-
pacities adjusted by subtracting 1250 Btu/hr
per 1,000 CFM of measured indoor air flow
and adding to the total steady-state elec-
trical power input 365 watts per 1,000 CFM of
measured indoor air flow.

Energy efficiency ratios from tests A, B,
and C, EERa, EERg, EERy, dry respectively,
are each calculated as the ratio of the total
cooling capacity in Btu/hr to the total elec-
trical power input in watts.

Units which do not have indoor air circu-
lating fans furnished as part of the model
shall adjust their total cooling done and en-
ergy used in one complete cycle for the ef-
fect of circulating indoor air equipment
power. The value to be used for the circu-
lating indoor air equipment power shall be
1250 Btu/hr per 1,000 CFM of circulating in-
door air. The energy usage required in one
complete cycle required for indoor air cir-
culation is the product of the circulating in-
door air equipment power and the duration
of time in one cycle that the circulating in-
door air equipment is on. The total cooling
done shall then be the measured cooling in
one complete cycle minus the energy usage
required for indoor air circulation in one
complete cycle. The total electrical energy
usage shall be the sum of the energy usage
required for indoor air circulation in one
complete cycle and the energy used by the
remaining equipment components (com-
pressor(s), outdoor fan, crankcase heater,
transformer(s), etc.) in one complete test
cycle.

Energy efficiency ratio from tests D,
EER.. dry is calculated as the ratio of the
total cooling done in Btu’s to the total elec-
trical energy usage in watt-hours.
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The results of the cyelic and steady-
state dry-coil performance tests shall he
used in the following (4) equations:

60X T XCpaXT
(1) Qcyc.dry—[Vnrx(1+ Wn)]

where
Qcye. ary = Total cooling over a cycle consisting of one
compressor ‘‘off'* period and one compressor
- ‘“‘on” period (Btu’s).

V" =1Indoor air flow rate (¢cfm) at the dry-bulb
temperature, humidity ratio, and pressure
existing in the region of measurement.

Cpa=Specific heat' at constant pressure of air-
water mixture per pound of dry air,
(Btu/Ib-°F).

17’ =Specific volume of air-water mixture at the
same dry-bulb temperature, humidity ratio,
and pressure used in the determination of
the indoor air flow rate ({t3/1b).

W»=Humidity ratio (Ib/ib).

and I' (hr.-°F), which is described by the
equation:

(2)
(time indoor fan off)
= [Tar(t) — Taz(t)]dt

(time indoor fan on)

where

Ta(t) - Dry bulb temperature of air entering the
indoor coil (°F) at time (/).

Ta2(t) = Dry-bulb temperature of air leaving the indoor
coil (°F) at time (¢).

(3) OLE = ore-try.

ssdry X7

where

C LF=cooling load factor.
Q. ary = Tolal steady-state cooling capacity from test C
(Btu/hr).
r=Duration of time (hours) for one complete
cycle consisting of one compressor “‘on’’ time
and one compressor ‘‘off”’ time.

The preceding equations are then usea
in the following equation to calculate a
degradation coefficient Cp rounded to the
nearest .01.

1— EE'Rcyo, dry
EER,. ary

(4) Co=—7—CLF

where

EER.., ary=Energy efficiency ratio from test C, (Btu/
watt-hr).

5.1.1 Method for calculating a SEER for
units with single-speed compressor and
single-speed condenser fans. The seasonal
energy efficiency ratio for units employing
single-speed compressors and single-speed
condenser fans shall be based on the per-
formance of test B and a method outlined
in 2.1.1 and 3.1.1 of this Appendix to
account for the cyclic performance.
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The seasonal energy efficiency ratio in
Btu’s/watt-hour shall be determined by
the equation:

SEER=PLF(0.5) X EERg

where

EERp=Energy efficiency ratio determined from
test B as outlined in 2.1.1.
PLF(.5) = Part-load performance factor when cooling
load factor=0.5 as determined from the
equation:

PLF(0.5)=1—0.5XCp
where

Cp=1Is the degradation coefficient described in 2.1.1 or
as calculated in equation (4) above.

5.1.2 Method for calculating a SEER for
units with single-speed compressors and
multi-speed condenser fans. The seasonal
energy efficiency ratio (SEER) for units
employing single-speed compressors and
multi-speed condenser fans shall be based
on the energy efficiency ratio obtained for
test B and the method outlined in 2.1.2 of
this Appendix to account for the perform-
ance under cyclic conditions. The energy
efficiency ratio for test B is obtained with
the unit operating with the condenser fan
speed which normally occurs at test B
ambient conditions.

The seasonal energy efficiency ratio in
Btu’s/watt-hour shall be determined by
the equation:

SEER=PLF (0.5) X EERp

where

EERg=energy efliciency ratio determined from
test Bin 2.8
PLF(0.5) = Part-load performance factor as deter-
mined from the equation:

PLF(0.5)=1—-0.5XCp
where

Cp=The degradation coefficient described in 2.1.2 or

as calculated in equation (4) above.

5.1.3 Method for calculating a SEER for
units with two speed compressors or two
compressors, or cylinder unloading. The
caleulation procedure described in  this
section shall he based on the performance
of test A and B at each of the compressor
speeds for two-speed compressor units,
subject to the conditions on condenser fan
speed deseribed in 3.1.3.

Units operating with two compressors
shall have the SEER calculated in the same
manner as two-speed compressor units.
The superscripted index k=1 (and the
term ‘“low-speed’”) designates the com-
pressor that normally operates at an
outdoor dry-bulb temperature of 82°F and
k=2 (and the term “high speed’”) denotes
operation with hoth compressors.
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In order to evaluate the steady-state

capacity Q% T;), and power input,
E,.*(T;), at temperature T; for ecach

compressor speed, k=1, k=2, the results
of tests A and B from 5.1 shall be used in
the following equation:

Qu(T))=Q.+(95 F)

_'_Q“" (82 F)—Q.* (95 F)

= [33— (5% )]

where
Q.s* (95 F) =Steady-state capacity measured from test
A as outlined in 2.1.3.
Q..*(82 F) =Steady-state capacity measured from test
B as outlined in 2.1.3.
Euk( T:) = Enk (95 F)
| Bt (82 F) =Bt (95 F) (oo
! 95—82

(56X

when

E,.*(95 F) - Electrical power input measured using
test A as outlined in 2.1.3.

E,.*(82 F) = Electrical power input measured from
using test A as outlined in 2.1.3.

The building cooling load BL (T;) for
the four cases described in section 5.1.3.1
through 5.1.3.4 shall be obtained from the
following equation:

_(BXH-3 @95 F)
BL(TH="45 "5 ¥~ 1.1

where

Qs*~3(95 F) =Steady-state capacity measured from
test A in 2.9 at the high compressor
speed.

The value of the degradation coefficient
C%™! for low compressor speed cycling and
C%? for high speed on/off compressor
cycling is determined as described in
section 2.1.3, or as calculated above in
equation (1).

5.1.3.1 Units operating at low compressor
speed (k=1) for which the steady-state
cooling capacity, Q4' (T;), is greater
than or equal to the building cooling load,
BL (T;), evaluate the following equations:

. BL(T;)
D =)
where

X#k=1=Load factor.

BL(T;)=Building cooling load (Btu/hr) at tempera-
ture (7Tj) from section 5.1.3.

Q..*=1(Tj) —=Steady-state cooling capacity (Btu/hr) at
temperatures (7T;) from section 5.1.3.

@ LI oy ) Xy
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where

T; . . .
—Q(V') =ratio of total cooling (Btu) in temperature
£ bin j to the number of temperature bin hours.

7 is the fractional number of hours in temperature
N bin j from 6.1.2.

. E(T;) _ X'XESH(T) ny
I A =77 Tapa v
where
E(T;

= ) =ratio of Energy usage (watt-hr.) in temperature
bin j to the number of temperature bin hours.

PLF+=1=1—C1(1— X*1).

Where Cp the degradation coefficient as
deseribed in section 2.1.3 or as calculated
above in equation (1).

5.1.3.2 When a unit must alternate bhe-
tween high (k=2) and low (k= 1) compres-
sor speeds to satisfy the building cooling
load at a temperature T;, evaluate the
following equations:

Qo2 (Ty) — BL(Ty)

W X=gEr) =@ (T
@) xoma
(3) Q(Ig'i)zlxkﬂXfo'(T")
XX QT IX R
OIS e

FXEX B (T)]X

5.1.3.3 When a unit must cycle on and
off at high compressor speed (k=2) in
order to satisfy the huilding cooling load
at a temperature T, evaluate the equa-
tions provided in section 5.1.3.1 replacing
(k=1) data with the (k=2) data.

5.1.3.4 When a unit operates continuously
at high compressor speed (k=2) at an out-
door temperature T; evaluate the following
equations:

QT _ sy o M
(1) =@ (T X
E(T)) _ s n;
(2) =B (T X
5.1.3.5 Calculate the SEER in Btu’s/
watt-hr. using the values for the terms
QT
N
and
E(T;)
N
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as determined at each temperature bin
according to the applicable conditions de-
seribed in sections 5.1.3.1 through 5.1.3.4
as follows:

é QT
“ N
SEER="11-——
(T
= N

5.1.4 Method for caleulating a SKER for
units with two speed compressor, two com-
pressor or cylinder unloading capable of
varying the sensible to total capacity (S/T)
ratio. Multi-speed compressor and two-
speed compressor units capable of varying
the sensible to total capacity ratio (S/T)
shall have the seasonal energy efficiency
ratio determined as deseribed in section
5.1.3. For such units, the mode of opera-
tion selected to determine the steady-state
capacities  Q,,%(95), Q..*(82), E,*(95),
E,,%(82), and power inputs at each com-
pressor speed k=1, k=2, for tests A and B
is outlined in section 2.10.

5.1.5 Seasonal energy efficiency ratio
for air-source units with triple-capacity
compressors. (Reserved)

5.1.6 Seasonal energy efficiency ratio
for air-source units with variable-speed
compressors. For air-source units with
variable-speed compressors, the season-
al energy efficiency ratio (SEER), shall
be defined as follows:

2 QT
=1 N
SEER = _
8
z E(T)
j=1 N

where the number of hours in the j*
temperature bin () is defined in Table
6.1.2 of this Appendix.

The SEER shall be determined by
evaluating three cases of the compres-
sor operation. Case I is the same as
specified in 5.1.3.1 with the exception
that the quantities QX XT;) and
EE-I(T)) shall be calculated by the fol-
lowing equations:

QETH=QL "(82°F)+
QENETR - QEIBYE) + (g3 1)
8267
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EE(TH=E§'(82°F)+
Ef (6T F)— EE'(82°F)

*(82-T)
8267

Case II is when the compressor oper-
ates at any intermediate (k=v) speed
between the maximum (k=2) and mini-
mum (k=1) speeds to satisfy the build-
ing cooling load. Evaluate the following
equations:

&' (T))=BL (T))

50 (Ty)
(T = —————
EERE (T
QUT) n;
= QEKU(TH*
N N
BT - ey
N N

where

EXV(T))=the electrical power input
required by the unit to de-
liver capacity matching the
building load at tempera-

ture T;.
k=v(T,)=the capacity delivered by
the unit matching the
building load at tempera-

ture T,

EERK™(T;)=the steady-state energy
efficiency ratio at tem-
perature T; and an inter-
mediate speed at which

the unit capacity
matches the building
load.
Before the steady-state intermediate
speed energy efficiency ratio,

EERKY(T)), can be calculated, the unit
performance has to be evaluated at the
compressor speed (k=i) at which the
intermediate speed test was conducted.
The capacity of the unit at any temper-
ature T; when the compressor operates
at the intermediate speed (k=1i) may be
determined by:

QENT)—QE(8T)+M(T;—87)

where
QEi(87)=the capacity of the unit at
87°F determined by the in-
termediate cooling steady-
state test.
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Mq=slope of the capacity curve for

the intermediate compressor
speed (k=1)
k=1 Ok
M, % B0-QE 6B,y N
8267
AN QRE*(95)-QE2(82)
e5-82
No— QK '(87)—Qk 18T
52(8T)— QE 1 (8T)

Once the equation for Q(T)) has
been determined, the temperature
where QX '(T))=BL(T;) can be found.
This temperature is designated as (T,,).
The electrical power input for the unit
operating at the intermediate compres-
sor speed (k=i) and the temperature
(T,.) is determined by:

E5 (To)=ESK (8T + My (Tuc—87)

where
EEK (87)=the electrical power input
of the unit at 87°F deter-
mined by the intermediate
cooling steady-state test
M =slope of the electrical power
input curve for the intermediate
compressor speed (k=1)

E5'(82)— E&'(6T)
8267

M= *(1—Ng)

EX2(95)— E52(82)
95-82
EE1(8T)- EK'(8T)

+ Ng

Ek*(8T)—E&'(8T)

The energy efficiency ratio of the
unit, EER(T,.), at the intermediate
speed (k1) and temperature T,. can be
calculated by the equation:

Ei(Te)=
EERF(T)=  pip

Similarly, energy efficiency ratios at
temperatures T; and T» can be calculat-
ed by the equations:
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QE(T)
EERE (T~ ——
ES(T)
k=2
EERE:Ty= 25T
E5*(Ty
where

T, =temperature at which the unit,
operating at the minimum com-
pressor speed, delivers capacity
equal to the building load
(QX (T))= BL(TY), found by
equating the capacity equation
[(QX (T)p]1 and building load
equation [BL(T}))] in section 5.1.3
and solving for temperature.

T,=temperature at which the unit,
operating at the maximum com-
pressor speed, delivers capacity
equal to the building load
(QX XT2)=BL(T»)), found by
equating the capacity equation
[(QX %Ty1and the building equa-
tion [BL(T)]1 in section 5.1.3 and
solving for temperature.

EERE (T))—the steady state energy

efficiency ratio at the

minimum compressor
speed at temperature
T,.

EERK %(T.)=the steady state energy
efficiency ratio at the

maximum compressor
speed at temperature
Tg.

EX (T))—the electrical power input
at the minimum compres-
sor speed at temperature
T,, calculated by the equa-
tion in section 5.1.3.

Ek-%(T,)—=the electrical power input
at the maximum compres-
sor speed at temperature
T., calculated by the equa-
tion in section 5.1.3.

The energy efficiency ratio,
EERK ¥(T)), shall be calculated by the
following equation:

EERE*(T)=A+B*Ty+C* T;?

where coefficients A, B, and C shall be
evaluated using the following calcula-
tion steps:

T:%-T,?
Ty >—T1?

D=
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EER& '(T))—EER& *(T3)
B — D(EER. '(T\)—EER& (Tw))

Ti- To— DT —To)

c— EER& Y(T) -EERE*(T)—BY(T—T)
Ty 2-Te 2

A=EERE*(T:)—-B*T:—C'T:*

Case III is the same as specified in
5.1.3.4. The quantities QX (T;) and
EX"%(T;) and ES %(T;) shall be calculated
by the equations prescribed in 5.1.3.

5.1.7. Seasonal energy efficiency ratio
for split-type ductless systems. For split-
type ductless systems, SEER shall be
defined as specified in section 5.1.1 of
this Appendix for each combination set
of indoor coils to be used with a common
outdoor unit.

5.2 Calculation of Heating Seasonal Per-
formance Factors (HSPF) for Air-
Source Units.

The testing data and results required to
caleulate the heating scasonal performance
factor (HSPF), in Btu’s per watt-hr, shall
include the following:

(i) Heating capacities (Btu/hr) from
the indoor air enthalpy method for
the High Temperature Tests, and
the total heating done (Btu’s) for
the cyclic and frost accumulation
tests.

Q..(47) or Q.,(62).

Q. .
Qper(35).

(ii) Flectrical power input to all com-
ponents (watts) for the steady state
tests, and the electrical usage
(watt-hours) for the cyclic and frost
accumulation tests

E,,(47) or E,,(62).
E,,(17).

Eeyo(47).
Epgr(395).

(ili) Tndoor air flow rate (SCFM) and
external resistance to indoor air
flow (inches of water).

(iv) Air temperature (°F)

Qutdoor dry hulb

Outdoor wet bulb or dew point
Indoor dry bulb and

Indoor wet bulb.

(v) Data as specified in Table II of
ASHRAE Standard 37-78.
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- Where the heating capacities Q.. (47),
Q.,(62) and Q.,(17) and the indoor air
flow rate are calculated using the equa-
tions specified in section 3.8.1 and 7.4 of
ASHRAE standard 37-78. The total
heating done, Q.,.(47) and Q(per33) are
calculated using the equations below.
Units not having an indoor fan as part
of the model tested shall add 1250 Btu/hr
per 1,000 SCFM of indoor air handled to
the measured capacity to obtain the total
heating capacity, @..(17), Q,.(47) or
Q,:(62), and add 365 watts per 1,000 SCFM
of indoor air handled to the mecasured
power to obtain the total power input,
E,,(17), E,,(47), or E,(62), to the unit.

The coefficients of performance (COP)
for the High Temperature Tests COP,,(62)
or COP,,(47), and Low Temperature Test,
COP,,(17), are caleulated as the ratio of
the heating capacity in Btu/hr to the
product of 3.413 and the power inputs to
the indoor fan in watts and the power
inputs to the remaining equipment com-
ponents (including all controls) in watts.

Units which do not have indoor air cir-
culating fans furnished as part of the
model shall have their total heating done
(Qeyc(47)) and cnergy used Eeyo(47) in one
complete cycle adjusted for the effect of
circulating indoor air equipment power.
For units tested without an indoor fan as
part of the model, Qcyc(47) shall be in-
creased by a quantity of heat equal to the
product of 1250 Btu/hr per 1,000 SCFM,
the length of the on-period of the test cycle
in hours, and the flow rate of indoor air
cireulated in units of 1,000 SCFM. The
total energy usage, Eoyc(47), shall be the
sum of the energy usage required for air
circulation during the test cycle and the
energy used by the remaining equipment
components (including all controls) during
the test cycle. Units not having an indoor
fan as part of the model tested, shall set the
energy required for indoor air circulation
equal to the quantity given by the product
of 365 watts per 1000 SCTM, the length of
the on-period of the test cycle in hours, and
the rate of indoor air circulated in units of
1000 SCFM.

The cyclic coefficient of performance,
COP.yo(47) is calculated as the ratio of the
total heating done (Qeyo(47)) in Btu's to
the product of 3.413 Btu/watt-hour and the
total energy usage (E.y.(47)) in watt hours.

The net heating capacity, @Qper(35)
(Btu/hr), is the total net heating donc
over the test period (including any credit
for the indoor fan heat) divided by the
total length of the test period, in hours.
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For units tested with-
out indoor fans, the value determined for
Wprr(35) below shall be increased by a
quantity of heat cqual to the product of
1250 Btu/hr per 1000 SCFM, the length
of time in hours during the Frost Accumu-
lation Test that there was indoor air cir-
culating, and the average flow rate of in-
door air circulated in units of 1000 SCFM.

The total energy usage, Epgr(35) shall
be the sum of the energy usage required
for indoor-air circulation during the test
period and the energy used by the remain-
ing equipment components during the test
period. Units not having an indoor fan as
part of the model tested, shall set the
energy required for indoor air circulation
equal to the quantity given by the product
of 365 watts per 1000 SCFM, the length of
time in hours during the Frost Accumula-
tion Test that there was indoor air circu-
lating, and the average flow rate of indoor
air circulated in units of 1000 SCFM.

The actual heating done during the
Cyclic Test, Qcy.(47), shall be determined
using the following equation:

60XV X Cpa X T
1) QD =G0

where

V=the flow rate during the on-period calculated in
accordance with section 7.4 of ASTIRAE Stand-
ard 37-78 in CFM.
Cpa=S8pecific heat at constant pressure of air-water
mixture per pound of dry air, (Btu/Ib-°F).
V.!=8pecific volume of air-water mixture at the same
dry-bulb temperature, humidity ratio, and
pressure used in the determination of the indoor
air flow rate (ft3/1b).

Wa=Humidity ratio (1b/lb).

and T (hr-°F), which is described by the
equation:

(time indoor fan off)
r={ [Taa(t) — T (0]

(time indoor fan on)

where

Ta1(t) -~ Dry-bulb temperature of air entering the in-
door coil (°F) at time (¢).
Ta2(t)=Dry-bull temperature of air leaving the in-
door coil (°F) at time (¢).
The net heating, Qper (35) in Btu’s
done during the test period shall be deter-
mined using the following equation:

60XV X Cpa X T

(2) QDEF(35):m
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where

V=the average of the air flow rate calculated at four
or more time intervals throughout the heating
phase of the test using the equation in section 7.4
of ASHRAE Standard 37-78.
Cpa=Specific heat at constant pressure of air-water
mixtire per pound of dry air, (Btu/lb—°F).
Va!=S8pecific volume of air-water mixture at the same
dry-bulb temperature, humidity ratio, and pres-
sure used in the determination of the indoor air
tlow rate (ft3/1b).

W,=Humidity ratio (1b/1b).

and I (hr.—°F), which is described by the
equation:
r J‘(Lime of next defrost termination)
- (time of defrost termination
X[Ta2(t) — Tar(¢)]dt
where
T,1(t)=Dry-bulb temperature of air entering the in-
door coil (°F) at time (¢).

T's2(t) = Dry-bulb temperature of air leaving the indoor
coil (°F) at time (2).

The cyclic degradation coefficient shall
be calculated as follows:

1_COPc,.(47)
, _1—cop..4n
(3) Co=—"T_FLF
where

Cp=the cyclic degradation coefficient rounded
to the nearest .01

COP.yc(47) as defined above
COP,,(47) as defined above

HLF is the heating load factor calculated as
follows:

HLF— _Qeyc(47)
Q.(47) X7
where

Qeye(47) as defined above
Qu(47) as defined above

7= Duration of time (hours) for one complete
cycle consisting of one compressor “on’’ time
and one compressor “off”’ time.

For air-source units that are equipped
with “demand defrost control systems”,
the value for HSPF, as determined
above shall be multiplied by an en-
hancement factor Fy, to compensate
for improved performance not meas-
ured in the Frost Accumulation Test.
The factor, Fy.; depends on the number
of defrost cycles in a 12-hour period and
should be calculated as follows:

Fuer=1+40.03*(1 —(Trest —90)/( Timar —90))
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where

Fus=demand defrost credit (used as a
multiplier to HSPF)

Tiest=time between defrost termina-
tions in minutes or 90 (whichev-
er is greater)

Thax=Mmaximum time between de-
frosts allowed by controls, in
minutes or 720 (whichever is
less)

Caleulation of the heating seasonal
performance factor (ISPF) for air-
source heat pumps with single speed
€ompressors.

5.2.1

For each climatic region listed in section
6.2.4, and for design heating requirements
equal to both the standardized minimum
and maximum design heating requirements
defined below, calculate the HSPF defined
as:

HSPF
51 % BL(T)
7

xX(T)
> N PLF(X)

1(Ty) (1)

+ZRH(T)

where
j=1,2,3, ..., n corresponds to the jth tempera-
ture bin.
n—total number of non-zero temperature bins
in the climatic region.
T;—(67—>5;) is the representative temperature of
the jtb bin, (°F).
=indicated the quantity following the symbol
i istobe summed over all temperature bins.

RH(TY) .
- =supplementary resistance heat term at
N temperature 7 required in those cases where
the heal pump automatically turns off
(T;< Totr) or when it is needed to meet the
balance of the building heating requirements.

ny (Wals).

—is the number 0( hours in the jth temperature
N7 bin divided by N=E uj and is referred to as

the “fractional hours m/l'- temperature bin'’.
3.413—=is a conversion factor which eonverts watt
hours to Btu.
HI (T;)=building load at temperature Tj, (Buyhr).
T -heat pump low temperatire cut-out factor.
;) —heat pump heating load factor.
PI. F(‘\) —heat pump part load factor.

The quantltles BLCTy), &
PLF(X) and

(Tp), X(Ty,
RH(T;)
N

are defined by the following equations:

BL(T;) = )(c Y(DHR)

65T
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where

(C)=0.77 is a correction factor which tends to
improve the agreement between caleulated
and measured building loads

(DHR)=the minimum and maximum design heating
requirement which the heat pump is likely
to encounter when installed in a residence,
rounded off to the nearest standardized DHR
in section 6.26 in Btu/hr

where
(minimum design heating requircment)

(65— TOD) , for regions I,

Q.. (47) —
- II, II1, IV, and VI

Q..(47), for region V

and

maximum design heating requirement

(65— Top)

2Q,,(47) 60 » for regions I,

II, III, IV, and VI
2.2Q,,(47), for region V

where

Q.. (47) is the heat pump capacity measured during
the ITigh Temperature Test @ 4
Top is the outdoor design Lemperaturp given in
section 6.2.4

0; T; < Torr .
QT
1
(3.418)(B(T)
%; Torr< T; < Ton
8Ty = QT
(3.413)(B(T)) —
1; T;>Ton )
and ‘Q(T’:)
(3.413)(E(T;)) ~
BL(T;)
X(ry=] (T, P Q(T)2BL(T)
1; Q(Ty) <BL(T)
PLF(X)=1—-Cp(1—X(T%))
P n
ru(ry BLT) - Q)X (T
N - 3.413
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where

Torr=the outdoor temperature that the compressor is
automatically shut off at (If no such tempera-
ture exists, 75 is always greater than T'orr and
Ton.}

Ton=the outdoor temperature that the compressor is
automatically turned on (if applicable) if
dferagned for low temperature automatic shut-
off.

Cp=degradation factor determined described in
section 5.2 and 2.2.1.

In using the above equation to calculate
HSPF, the heat pump capacity in Btu/hr,
Q, and the power in watts, E, shall be
obtained: as follows:

(Q::(47)—Q.,,(17))
X (T;—=17)
30

T;>45°F or T;<17°F

Q..(17) +

QT = _

Qss(17))
X(T; “‘17)
18

17°F < T;<(45°F

(Qper(35)—
Q..(17) +-

(E.o(47) — E,,(17))
X{T;—17)
30 ’

B, (17) +

4 T;>45°F or T;<17°F
E(T;)= ) .
(EpEer(35) —E,.(17))
X (T;—17)
18 ’

17°F< T;<< 45°F

E.an)+

where Q,,(47) and E,,(47) and Qpgr(35)
and E,,(47) and Q,,(17) and E,,(17) are
the capacities (in Btu/hr) and powers (in
watts), measured during the High Tem-
perature Test, the Frost Accumulation
test, and the Low Temperature Test,
respectively.

Once the maximum and minimum HSPF
and operating cost values have heen ob-
tained for each region, the HSPF and
operating cost shall be determined for each
standardized design heating requircment
(see section 6.2.6) between the maximum
and minimum design heating requirements
by means of interpolation.

5.2.2  Calculation of the heating seasonal
performance factor (HSPF) for air
source heat pumps with a two-speed
compressor, two compressors, or cyl-
inder unloading.
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For each climatic region listed in section
6.2.4, and for design heating requirements
equal to hoth the standardized minimum
and maximum design heating requirements
defined helow, calculate the HSPF defined

as:
Z)
B(T; RE(T
[;()+2 (T

BL(T;)
HSPF=

where

Z asdefined in 5.2.1
i

Boas defined in 5.2.1
W @ in 5.2
T, as defined in 5.2.1

and BL(T)) is the building load at temper-
ature T}, in Btu/hr caleulated by:

BL(T))= 65 To )X(C X (DHR)

where

(C)=0.77 is a correction factor which tends to
improve the agreement between calculated
and measured huilding loads

(DITR)=1he minimum and maximum design heating
requirement which the heat pump is likely
to encounter when installed in a residence,
rounded off to the nearest standardized
DHR in section 6.2.6 in Btu's per hour

where
(minimum design heating requirement)

(

# for regions I,

Q(k 2)(47)
= 11, 111, IV, and VI
0%=>(47), for region V
and
(maximum design heating requirement)

(65— Top)
60

2(47)
= I1, III, IV and VI

» for regions I,

2.2Q~%(47) for region V

where

Q.. (5=2 (47) is the heat pump capacity measured dur-
ing the high temperature performance
test at 47°F, with the unit operating at
the high compressor speed or with both
compressors in operation, in Buu/hr

~Top is the outdoor design Lem%eramre given
in section 6.2.4 in degrees ®

Notk: The superscript (k—=1) and (3=2)
refer to the heat pump operating at low
speed or single compressor operation and
high speed or two compressor operation
respectively.
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KTy . . .
NS the heat pump electrical energy usage in the

< jth temperature bin divided by the total

number of bin hours and is evaluated accord-

ing to the four possible cases of heat pump

operation denoted below in watts.

RH(T))
N

as delined in 5.2.1 and is evaluated according
to the four possible cases of heat pump opera-
tion denoted below (in watts).

Case I.—Units operating at low com-
pressor specd or with a single compressor,
i.e,, k=1, for which the building heating
load, BL(T;) is less than or equal to the
heating capacity, Qr=1( T).

BL(T;) <Q=(T;)
E(T;)_ E-U(THX1(T)8 (T) ny

N PLF—=" N
ni N1 —& (T
RH(T;) N BL(TH)[1 -8 (Tp]
N = 3.413
e,y = BLCTD).
Qk=l(T1.)
PLF-1=1—-C45"'(1- X*=Y)
0; T; < Torr

1 .
5/(7'1'):15; Torr < T;< Ton

1; T;> Toxn

Case I'I. - Units alternating between high
speed or two compressor operation (k=2)
and low speed or single compressor opera-
tion (k=1) to satisfy the building heating
load at temperature T.

Q\(T,) < BL(T) << @Q2(T})

BT X TN (T)) L
RH(T)) N BL(T)1—#'(T))
N 3413
Xem () = &2 Ty) = BL(T;)

Qe2(T;) — Q1(T})
Xb=2(T)=1—X+1(T,)
0; T; < Toyy
o' (T;) %; Torr<T;< Ton

1; T;>Ton

10 CFR Ch. Il (1-1-05 Edition)

Case II].—Units cyeling on and off at
high compressor speed or cyeling both com-
pressors on and off together (k=2) in order
to satisfy the building heating load at tem-
perature T,

Q=1(T;) < BL(T,) < Qe=2(T})

BT Xk=2( T 6" (T}) 3‘N

BTy _
N = PLFF
et} N1—g"" .
RH(T,) WEL(T)I=3"(T)]
N 3.413
x0Ty = ZEUT).
Qk:Z(Ti)

PLFt=2=1- Ci*(1— X+=2(T;))

’ T; < Torr

8 (T;)=¢ 5; Torr<LT;<Ton

- O

1; T;>Tox

Case IN".—Units operating continuously
at high compressor speed or with both com-
pressors in continuous operation (K—2) in
order to satisfy the building heating load
at temperature 7.

BL(T,) >Qx1(T;)

BUID _ gyra gy xoma (8 (1)
RH(T))

N

(BL(T;) — Q=2(T)) X*=2(T))8" (T)] '

3.413
XE2( ;) =1.0
0; T; < Towr .
Q=(Ty) ~1
(3.413) (E*=2(T;))
; Torr-l T < Ton
Q-2(T;)
(3.413) (E*=2(T))
1; T;> Ton

1
2
5(T)) =

ey
(3.413) (E*=2(T;))

Where in each of the above cases
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X (T;)—-heat pump heating load factor.

PLF =heat pump pari load factor (not required for
cases [Tand 1V.)

8""('I';) = heat pump low temperature cut-out factor.
Tors as defined in 5.2.1.
Ton as defined in 5.2.1.

Cpx=2=the part load degradation factor described in
section 2.2.1 and 5.2 for the unit eycling at
high compressor speed or with both com-
pressors simultaneously cyeling (if applica-

e).

Cp (k=1 =the part load degradation factor described in
section 2.2.1 and 5.2 for the unit cycling at
low compressor speed or with the single com-
pressor that normally operates at low heating

loads.
Qi (47)
(Q51(62) — @:71(47))
+ 1’_><(1,-—47);
)
T;>40° F
Qi1 (17)
. (Q421(35) — Q=1 (17))
Q1 (T) = n X (T;—17) .
- 18
17° F <T;<40° F
Q1 (17)
(@i (a7)— Q71 (17))
X (T;—-17) .
LT ;
T;<17° F
2572 (17)
(Q2 (471)— Q2 (17))
X(T;—17)
+ 30 ) ’
T;>45° F or T;<17° F
Q=2 (T =1
Qi (17)
(Q533(35) — Q52(17))
X(T;—17) .
+ 5 ;
17° F<T;< 45 F

Pt. 430, Subpt. B, App.

EE1(47)
(EX1(62)— E1(47))
X (T;—47) .
+ 15 ' ’
T,>40° F
e (17)
(E53(35) — EE1(17))
X (T;—17)

18 '
17° F<T;<40° F

el (T) =

+

EN(LT)

(EETN(AT) — BV (1))
+ ><(T,-~17);

30

T,<17° F

ETA(IT)

(B (47) — B2(17))
i A(T-17),
+ 30 ;
_ T;>45° F or T;<17° F
E=2(T;) =
E(1T)

(Fi(35) — E52(17))
X(T;—17),
18 '
17° F< T;<45° F

+

For cach of the six regions specified in
section 6.2.5, calculate the heating seasonal
performance factors and seasonal operating
costs corresponding to the standardized
maximum and minimum design  heating
requirements and for all other standardized
design heating requirements (see section

6.26) between the maximum and the
minimum.
5.2.3 Heating seasonal performance

factor for air-source units with triple-
capacity compressors. (Reserved)

5.2.4 Feating seasonal performance
factor for wunits with variable-speed
compressors. For units with variable-
speed compressors, the heating season-
al performance factor (HSPF) is de-
fined by the following equation:
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zj n; BL(Ty)

HSPF- N

S E(T) +Y RH(T)
£ P iihhid

N N

where all symbols in the above equa-
tions are as defined in 5.2.2.

The minimum and maximum heating
design requirements, DHR,;, and
DHR,.«, Which a variable-speed heat
pump is likely to encounter, shall be
evaluated as described for two-speed un-
its in 5.2.2 with the option of using the
nominal capacity, QX" (47°F), in lieu of
the maximum speed capacity, QX 2(47),
in the prescribed equations if the manu-
facturer performed the nominal capac-
ity test.

In evaluation of HSPF, three cases
are considered, the quantities %3 and
BED shall be calculated depending on
compressor mode of operation.

Case I

The compressor operates at the mini-
mum speed (k=1) for which the build-
ing heating load, BL(T})), is less than or
equal to the heating capacity, QX '(T})).

Calculations shall be performed as
prescribed for two-speed systems in
Case I of 5.2.2 with the exception that
system capacity QX YT;), and power,
EXS1(T)), shall be calculated by the fol-
lowing equations:

E (T =QRE 4N+
51(62) — QE1(4T)
QF(62) - QF 14D *(T;—47)
15
EF(T)=EE'(4T)+
K= 1 Rkt
EK'(62)—E&K'(4T) (T, 47
15

Case II

The compressor operates at any inter-
mediate (K v) speed between the maxi-
mum speed (K=2) and minimum (k=1)
speed to satisfy the building load and
cvaluate the following equations:

Q*="(T)=BL(T)
QT)
N

nj
*—Q’F"(T/" N

k=
Erery-— 9T
3.413*COP*"(T))

E(T)_ g gy T
N N

10 CFR Ch. Il (1-1-05 Edition)

where

Q¥ Y(Tj)=capacity delivered by the
unit at any intermediate
speed between the mini-
mum and maximum com-
pressor speed matching the
building load at tempera-
ture T,

E* “(T)-the electrical power input
required by the unit at tem-
perature T; to deliver capac-
ity matching the building
load

COP¥ Y(T))—the coefficient of per-

formance at which the
unit delivers capacity
matching the building
load at temperature T,

Before the coefficient of perform-
ance, COP* *(T)), can be calculated, the
unit performance has to be evaluated at
the compressor speed (k=i) at which
the intermediate speed test was con-
ducted. The capacity of the unit at any
temperature T; when compressor oper-
ates at the intermediate speed (k=1i)
may be determined by:

Qber (T)) = Qi (35) + Mo(T;— 35)

where
Qk.(35)—the capacity of the unit at
35°F determined at the in-
termediate compressor
speed (k1) in the frost ac-
cumulation test
M= slope of the capacity curve for
the intermediate compressor
speed (K=1)

5 1(62)— QE1(4T)
62-47

M,= *(1-Ng)

QA (35)—QE2(1T)

o —

35-17
Qi (35) — QE1(35)
QEF(35) — QK 1(35)

Once the equation for QK (T)) has
been determined, the temperature
where QA./(T))=BL(T;) can be found.
This temperature is designated at T,,. A
separate T, shall be determined for
cach design heating requirement.

The electrical power input for the
unit operating at the intermediate com-
pressorspeed (k—=v)and at the tempera-
ture (T,,) is determined by:
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El (Ten)=Eke (35) + Me(Tor —35)

where
EX(35)=the electrical power input of
the unit at 35°F determined
at the intermediate com-
pressor speed (k=i) in the
frost accumulation test
M, =slope of the electrical power in-
put curve for the intermediate
compressor speed (k=1i)

M, Ef'(62)—EE'(4T)
62—47

*(1—-Ng)

Ef?(35)— E&2(1T)
35—17

Ne Ed&r/ (35)— E&1(35)
El*(35)— Ef1(35)

The coefficient of performance,
COPK=I(T,})), at the intermediate speed
(k=1) and temperature T,, can be calcu-
lated by the equation:

Qe (Ten)
3.413*El7 (Ton)

COP*(Twn)=

Similarly, coefficients of performance
at temperature T3 and T, can be calcu-
lated by the equations:

Q¥ (Ty)
COP*1(Ty)= :
3.413*EF1(T,)
=2(Ty)
‘COP**(T,)= QT
3.413*EF2(T,)
where

Ts=temperature at which the unit,
operating at the minimum com-
pressor speed, delivers capacity
equal to the building load
(Qk:I(T:z)*BL(T:;)), found by
equating the capacity by using
the equation Q*=(T)) (at T;>40°F)
equal to the building load equa-
tion BL(T)) as identified in sec-
tion 5.2.2 of this Appendix and
solving for temperature

Pt. 430, Subpt. B, App. M

Ti=temperature at which the unit,
operating at the maximum, deliv-
ers capacity equal to the building
load (Q¥=%Ty)=BL(Ty)), found by
setting the equation for capacity
Q*=XT) equal to the equation for
building load BIL(T;) from the
two-speed procedure in section
5.2.2 and solving for temperature

COPK (T3)=the coefficient of per-

formance at the mini-
mum compressor speed
at temperature Ty

COP* XT,)—the coefficient of per-

formance at the maxi-
mum compressor speed
at temperature T,

Q% (Ty)=steady-state capacity at the
minimum compressor
speed at temperature Tj,
using equations for
Q¥ XT) from the two-
speed procedure

QX XT,)=steady-state capacity at the
maximum compressor
speed at temperature T,
calculated using the equa-
tion for Q%2 (T;) of the
two-speed procedure.

EX (T;)=the electrical power input
at the minimum compres-
sor speed at temperature
T4, calculated by using the
equation for EFYT)
(where T;>40°F) from the
two-speed procedure in sec-
tion 5.2.2 of this Appendix

EX"XT;)=the electrical power input
at the maximum compres-
sor speed at temperature
T, calculated by using the
equation for EF=XT)) from
the two-speed procedure in
section 5.2.2 of this Appen-
dix

The coefficient of performance,

COPK*=Y(T})), shall be calculated by the
following equation:

COPF*(T))=A+B*T;+ C*T;*

where coefficients A, B and C shall be
evaluated using the following calcula-
tions step:
po Te?7T*
Tw® ~=Ty2
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COP* :(T,)— COP* (Ty)
—D*[COP** (T,)— COP ¥ i(Tw)]
B=

Ty~ Ta— D*(Ts— Ten)
o COP*2(T\)—COP* /(T))— BT\~ T)
T,®-T,*

A=COP**(T.)—B*T:—C*Ts*

Case II1

The compressor operates at the maxi-
mum speed (k —2) for which the build-
ing heating load, BL(T)), is greater than
or equal to the heating capacity.

KOAT).

Calculations shall be performed as

prescribed for two-speed systems in
Case IV of 5.2.2.
5.2.5 Heating seasonal performance

Jactor for split-type ductless systems.
For split-type ductless systems. HSPF
shall be defined as specified in section
5.2.1 of this Appendix. Separate values
of HSPF shall be determined for each
corresponding combination set of in-
door coils used in the development of
SEER as specified in Section 5.1.7. The
calculations used shall be the same as
those used for units with the same type
of compressor.

10 CFR Ch. Il (1-1-05 Edition)

where

(CLH.4) is the actual cooling load hours for the
particular location, determined from the
map in section 6.1.3.

is defined in
is defined in
is defined in X
is the actual heating load hours for the
particular location determined from the
map in section 6.2.5.

Is the seasonal energy elliciency ratio
determined in section 5.1.

is the heating seasonal performance factors
as determined in section 5.2 for each stand-
ardized design heating requirement within
the particular location’s region or for the
actual design heating requirement if
known.

(Qu*(U5F))
(DIR)

(C
(ITLH 4)

(SEER)
(IISPF)

where the particular location’s region is

determined from the map in section 6.2.5

and, the standardized design heating re-

quirements within the region are deter-

mined in sections 5.2 and 6.2.6.

5.3.2  Caleulation of representative re-
gional annual performance factors
(APF%) for each region and for each
standardized design  heating  re-
quirement,

(CLHR) (Q,*(95F))
+ (HLHy) (DHR)(C)
(CLHg) (Qu*(95F))
SEER
(HLH,)(DHR)(C)
HSPF

(APFg)=

(Quk(95F)) is defined in

5.1,
5.3 Calculations of the Actual Representa- (DHR) is defined in 5.2.2.
tive  Regional Annuwal  Performance (C) is defined in 5.2.2.
Factors for Air Source Central Air  where
53””(,[??”“;2;8}' (1]38(11 . Pum‘p;s‘) (V“V[h_z(‘h (CLHyg) is the representative cooling load hours for
roride Dot ealing  anc ooting. each heating load hours region, as deter-
. mined in section 6.3.
5.3.1  Caleulation  of  actual  regional (HLHg) is the representative heating load hours for
annual performance factors (APF,) each region as determined in section 6.2.5.
for a particular location and  for (SEER) is the seasonal energy efficiency ratio as
cach standardized design  heating determined in section 5.1.
requirement. (HSPF) '1; the heatcilng seasonal pa\?formn}rlme factor as
R _ etermined in section 5.2 for eac! region and
(CLH ) (Q,*(95F)) for each standardized design heating re-
+(HLH,) (DHR)(C) quirement within each region.
(APF )= - =
(CLH,4) (Q*(95F)) where the regions are listed in section 6.2.5
(SEER) and, the standardized design heating re-
(HLH,) (DHR)(C) quirements within the regions are deter-
+ (HSPF) mined in sections 5.2 and $.2.6.
6.0 Reference material Test oper- | Test condi-
Readings, remarks ating tol1er- tlgr;ut:célgr-
6.1 Cooling reference material. ance
6.1.1 Test operating and test condition toler- Indoor wet-bulb air temperature,
ance for cyclic dry-coil tests. Fahrenheit: Entering ................. ©) (@)
: irst sec after com-
Test oper- | Test colnd|- Aﬂ;r;;ggr 2{: nu%‘?
i ating toler- | tion toler- : .
Readings, remarks agce‘ ance? External resistance to airflow, 0.0
inches water .........c.ccccoeveeee 0.05 .
Outdoor dry-bulb air temperature, Nozzle pressure drops, per-
Fahrenheit: Entering .........ccc.c... 2.0 0.5 cent of reading . 2.0
Indoor dry-bulb air temperature,
Fahrenheit: Entering .................. 2.0 0.5
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Test oper- | Test condi- Bin tem- Representa- Fraction of
Readings, remarks ating toler- | tion toler- perature tive tem- total tem-
ance ance? Bin No. j: range (de- | perature bin erature bin
grees Fahr- | for (degrees phours n/N
Electrical voltage inputs to the enheit) Fahrenheit) y
test unit, percent ................ 20 | e
Total ob g T o 65-69 67 214
otal observed range. -
2Variation of average from specified test condition. 2. 70-74 72 231
3Shall at no time exceed that value of the wet-bulb tem- 3 - 75-79 7 216
perature which results in the production of condensate by the 4. 80-84 82 .161
ir;ﬂﬁortﬁgilinegotgf (érl}t,i-c?#lgf t&gpﬁrﬁtur& existing for the air en- 5. 85-89 87 104
9 P : 6. 90-94 92 052
6.1.2 Distribution of fractional hours in tem- 7. 95-99 97 .018
perature bins to be used for calculation of the 8. 100-104 102 .004

SEER for 2-speed compressor and 2-compressor
units.
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6.2 Heating reference material. Test oper- | Test condi-
6.2.1 Test operating and test condition toler- atingr:c'g'ef' 'ionazngef'
ance for Steady-State High Temperature Test [at
47 °F (8.3 °C) or 62 °F (16.7 °C)] and Low Tem-  |qdoor dry-bulb, °F:
perature Test [at 17 °F (—8.3 °C)]. Entering . 2.0 0.5
Leaving .. 2.0 | e
Indoor wet-bulb,
Entering . 1.0
Leaving .. 1.0
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Test oper- Test condi-
ating toler- | tion?2 toler-
ance ance
Outdoor dry-bulb, °F:
Entering . 2.0
Leaving .. 2.0
Outdoor wet-bulb,
Entering . 1.0 0.3
Leaving .. 10| e
External resistance to air flow,
inches of water .05 02
Electrical voltage, percent 2.0 | s

1Test operating tolerance is the maximum permissible vari-
ation of any measurement. When expressed as a percentage,
the maximum allowable variation is the specified percentage
of the average value.

2Test condition tolerance is the maximum permissible vari-
ation of the average value of the measurement from the
standard or desired test condition.

6.2.2 Test operating and test condition toler-
ances for the on-period portion of cyclic per-
formance tests.

Test oper- | Test condi-
ating toler- tion toler-
ances! ance?
Indoor dry-bulb, °F:
Entering . 2.0 0.5
Leaving ... | e | e
Indoor wet-bulb, °F:
Entering . 1.0
Leaving ....cccocvecvriveveniienes | e
Outdoor dry-bulb, °F:
Entering . 2.0 0.5
Leaving .....cccoeovovnninicciicins | e | e
Outdoor wet-bulb, °F
Entering . 2.0 1.0
Leaving ....coceeeeiveieiirinieies | e | e
External resistance to air-flow,
inches of water ...................... .05 .02
Electrical voltage, percent ......... 20| i

1Test operating tolerance is the maximum permissible vari-
ation of any measurement. When expressed as a percentage,
the maximum allowable variation is the specified percentage
of the average value. (Applies after the first 30 seconds after
compressor start-up.)

2Test condition tolerance is the maximum permissible vari-
ation of the average value of the measurement from the
standard or desired test condition.

Pt. 430, Subpt. B, App. M

6.2.3 Test operating and test tolerances for
frost accumulation tests.

Testing operating tol- .
erancer | T conen
" : (heating por-
heatng | deos | tonon)
Indoor dry-bulb, °F:
Entering ... 2.0 34.0 0.5
Leaving ....cccceeer | evvveniiiiies | e | e
Indoor wet-bulb,
Entering ... 1.0
Leaving ....cccceees | eevenenenne
Outdoor dry-bulb,
°F:
Entering .............. 2.0 10.0 1.0
Leaving ....ccccceeee | eveveneinies | e | e
Outdoor dew-point,
°F:
Entering ... 15
Leaving ... |
External resistance
to air-flow, inches
of water ............. 05 | .02
Electrical voltage,
percent ............... 2.0 | o | s

1Test operating tolerance is the maximum permissible vari-
ation of any measurement. When expressed as a percentage,
the maximum allowable variation is the specified percentage
of the average value. Test Operating Tolerance During Heat-
ing applies when the heat pump is in the heating mode, ex-
cept for the first 5 minutes after termination of a defrost cycle.
Test Operating Tolerance During Defrost applies during a de-
frost cycle and during the first 5 minutes after the termination
of a defrost cycle when the heat pump is operating in the
heating mode.

2Test condition tolerance is the maximum permissible vari-
ation of the average value of the measurement from the
standard or desired test condition. Test Condition Tolerance
applies only when the heat pump is operating in the heating
mode.

3Not applicable during defrost if the indoor fan is off.

6.2.4 Distribution of fractional hours in tem-
perature bins, heating load hours and outdoor
design temperature for the different climatic re-
gions.

Fractional hours Region
Bin No. T; (°F) I 1] v \ Vi
Heating Load Hours, HLH
750 1,250 1,750 2,250 2,750 12,750
Outdoor Design Temperature, Top, for the region
37 27 17 5 -10 30
j=1 62 291 215 .153 132 106 113
2 57 .239 .189 142 A1 .092 .206
3 52 194 .163 138 103 .086 215
4 47 129 143 137 .093 .076 204
5 42 .081 112 135 .100 .078 A4
6 37 .041 .088 118 109 .087 .076
7 32 .019 .056 .092 126 102 .034
8 27 .005 .024 .047 .087 .094 .008
9 22 .001 .008 .021 .055 .074 .003
10 17 0 .002 .009 .036 .055 0
11 12 0 0 .005 .026 .047 0
12 7 0 0 .002 .013 .038 0
13 2 0 0 .001 .006 .029 0
14 -3 0 0 0 .002 .018 0
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Fractional hours Region
Bin No. T; (°F) I 1] \" " Vi
15 -8 0 0 0 .001 .010 0
16 -13 0 0 0 0 .005 0
17 -18 0 0 0 0 .002 0
18 -23 0 0 0 0 .001 0

1Pacific Coast Region.
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Thus map 15 reasonably accurate fur most parts of the Umited States but is necessanly highly
(generalwed and consequently not 100 accurate in mounlunous regons, purtculery in the Rockies

Actual heating load hours (HLH,) and regional heating load hours
2500

(HLHrg for the United States

2.5
VI
3500
3000

Regional Heating Load Hours

) je— :r?: oo o g 3 a
> 21 AAR23L
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6.2.6 Standard Design Heating Requirements 15,000 35,000 70,000 110,000
(Btu/hr) 20,000 40,000 80,000 130,000
5,000 25,000 50,000 90,000 6.3 Representative Cooling Load Hours
10,000 30,000 60,000 100,000

(CLHRg) for Each Heating Load Hours Region.
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Region CLHgr HLHr
2,400 750
1,800 1,250
1,200 1,750
800 2,250
400 2,750
200 2,750

6.4 Ground Water Temperature Map (Re-
served).

[44 FR 76707, Dec. 27, 1979, as amended at 54
FR 6076, Feb. 7, 1989]

APPENDIX N TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF FURNACES AND BOILERS

1.0 Scope. The scope of this appendix is as
specified in section 2.0 of ANSI/ASHRAE
Standard 103-1993.

2.0 Definitions. Definitions include the
definitions specified in section 3 of ANSI/
ASHRAE Standard 103-1993 and the following
additional and modified definitions:

2.1 ANSI/ASHRAE Standard 103-1993 means
the test standard published in 1993 by
ASHRAE, approved by the American Na-
tional Standards Institute (ANSI) on October
4, 1993, and entitled ‘“Method of Testing for
Annual Fuel Utilization Efficiency of Resi-
dential Central Furnaces and Boilers’ (with
errata of October 24, 1996).

2.2 ASHRAE means the American Society
of Heating, Refrigerating and Air-Condi-
tioning Engineers, Inc.

2.3 Thermal stack damper means a type of
stack damper which is dependent for oper-
ation exclusively upon the direct conversion
of thermal energy of the stack gases to open
the damper.

2.4 Isolated combustion system. The defini-
tion of isolation combustion system in sec-
tion 3 of ANSI/ASHRAE Standard 103-1993 is
incorporated with the addition of the fol-
lowing: “The unit is installed in an un-condi-
tioned indoor space isolated from the heated
space.”’

3.0 Classifications. Classifications are as
specified in section 4 of ANSI/ASHRAE
Standard 103-1993.

4.0 Requirements. Requirements are as
specified in section 5 of ANSI/ASHRAE
Standard 103-1993.

5.0 Instruments. Instruments must be as
specified in section 6 of ANSI/ASHRAE
Standard 103-1993.

6.0 Apparatus. The apparatus used in con-
junction with the furnace or boiler during
the testing shall be as specified in section 7
of ANSI/ASHRAE Standard 103-1993 except
for the second paragraph of section 7.2.2.2
and except for section 7.2.2.5, and as specified
in section 6.1 of this appendix.

6.1 Downflow furnaces. Install the internal
section of vent pipe the same size as the flue
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collar for connecting the flue collar to the
top of the unit, if not supplied by the manu-
facturer. Do not insulate the internal vent
pipe during the jacket loss test (if con-
ducted) described in section 8.6 of ANSI/
ASHRAE Standard 103-1993 or the steady-
state test described in section 9.1 of ANSI/
ASHRAE Standard 103-1993. Do not insulate
the internal vent pipe before the cool-down
and heat-up tests described in sections 9.5
and 9.6, respectively, of ANSI/ASHRAE
Standard 103-1993. If the vent pipe is sur-
rounded by a metal jacket, do not insulate
the metal jacket. Install a 5-ft test stack of
the same cross sectional area or perimeter as
the vent pipe above the top of the furnace.
Tape or seal around the junction connecting
the vent pipe and the 5-ft test stack. Insulate
the 5-ft test stack with insulation having an
R-value not less than 7 and an outer layer of
aluminum foil. (See Figure 3-E of ANSI/
ASHRAE Standard 103-1993.)

7.0 Testing conditions. The testing condi-
tions shall be as specified in section 8 of
ANSI/ASHRAE Standard 103-1993 with errata
of October 24, 1996, except for section 8.6.1.1;
and as specified in section 7.1 of this appen-
dix.

7.1 Measurement of jacket surface tempera-
ture. The jacket of the furnace or boiler shall
be subdivided into 6-inch squares when prac-
tical, and otherwise into 36-square-inch re-
gions comprising 4 in. x9 in. or 3 in. x 12 in.
sections, and the surface temperature at the
center of each square or section shall be de-
termined with a surface thermocouple. The
36-square-inch areas shall be recorded in
groups where the temperature differential of
the 36-square-inch area is less than 10 °F for
temperature up to 100 °F above room tem-
perature and less than 20 °F for temperature
more than 100 °F above room temperature.
For forced air central furnaces, the circu-
lating air blower compartment is considered
as part of the duct system and no surface
temperature measurement of the blower
compartment needs to be recorded for the
purpose of this test. For downflow furnaces,
measure all cabinet surface temperatures of
the heat exchanger and combustion section,
including the bottom around the outlet duct,
and the burner door, using the 36 square-inch
thermocouple grid. The cabinet surface tem-
peratures around the blower section do not
need to be measured (See figure 3-E of ANSI/
ASHRAE Standard 103-1993.)

8.0 Test procedure. Testing and measure-
ments shall be as specified in section 9 of
ANSI/ASHRAE Standard 103-1993 except for
sections 9.5.1.1, 9.5.1.2.1, 9.5.1.2.2, 9.5.2.1, and
section 9.7.1. ; and as specified in sections 8.1,
8.2, 8.3, 8.4, and 8.5, of this appendix.

8.1 Input to interrupted ignition device. For
burners equipped with an interrupted igni-
tion device, record the nameplate electric
power used by the ignition device, PEg, or
use PE;g=0.4 kW if no nameplate power input
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is provided. Record the nameplate ignition
device on-time interval, tig, or measure the
on-time period at the beginning of the test
at the time the burner is turned on with a
stop watch, if no nameplate value is given.
Set tic=0 and PE;g=0 if the device on-time is
less than or equal to 5 seconds after the
burner is on.

8.2 Gas- and oil-fueled gravity and forced air
central furnaces without stack dampers cool-
down test. Turn off the main burner after
steady-state testing is completed, and meas-
ure the flue gas temperature by means of the
thermocouple grid described in section 7.6 of
ANSI/ASHRAE 103-1993 at 1.5 minutes
(Trore(ts)) and 9 minutes (Trorr(ts)) after the
burner shuts off. An integral draft diverter
shall remain blocked and insulated, and the
stack restriction shall remain in place. On
atmospheric systems with an integral draft
diverter or draft hood, equipped with either
an electromechanical inlet damper or an
electro-mechanical flue damper that closes
within 10 seconds after the burner shuts off
to restrict the flow through the heat ex-
changer in the off-cycle, bypass or adjust the
control for the electromechanical damper so
that the damper remains open during the
cool-down test. For furnaces that employ
post purge, measure the length of the post-
purge period with a stopwatch. The time
from burner OFF to combustion blower OFF
(electrically de-energized) shall be recorded
as t,. For the case where t, is intended to be
greater than 180 seconds, stop the combus-
tion blower at 180 seconds and use that value
for t,. Measure the flue gas temperature by
means of the thermocouple grid described in
section 7.6 of ANSI/ASHRAE 103-1993 at the
end of post-purge period, t, (Trore(ty)), and at
the time (1.5 + t;) minutes (Trorr(ts)) and (9.0
+ t,) minutes (Trore(ts)) after the main burn-
er shuts off. For the case where the meas-
ured tp is less than or equal to 30 seconds, it
shall be tested as if there is no post purge
and t, shall be set equal to 0.

8.3 Gas- and oil-fueled gravity and forced air
central furnaces without stack dampers with
adjustable fan control—cool-down test. For a
furnace with adjustable fan control, this
time delay will be 3.0 minutes for non-con-
densing furnaces or 1.5 minutes for con-
densing furnaces or until the supply air tem-
perature drops to a value of 40 °F above the
inlet air temperature, whichever results in
the longest fan on-time. For a furnace with-
out adjustable fan control or with the type
of adjustable fan control whose range of ad-
justment does not allow for the delay time
specified above, the control shall be bypassed
and the fan manually controlled to give the
delay times specified above. For a furnace
which employs a single motor to drive the
power burner and the indoor air circulating
blower, the power burner and indoor air cir-
culating blower shall be stopped together.
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8.4 Gas-and oil-fueled boilers without stack
dampers cool-down test. After steady-state
testing has been completed, turn the main
burner(s) OFF and measure the flue gas tem-
perature at 3.75 (Trorr(ts)) and 22.5 (Trorr(ts))
minutes after the burner shut off, using the
thermocouple grid described in section 7.6 of
ANSI/ASHRAE 103-1993. During this off-pe-
riod, for units that do not have pump delay
after shutoff, no water shall be allowed to
circulate through the hot water boilers. For
units that have pump delay on shutoff, ex-
cept those having pump controls sensing
water temperature, the pump shall be
stopped by the unit control and the time t+,
between burner shutoff and pump shutoff
shall be measured within one-second accu-
racy. For units having pump delay controls
that sense water temperature, the pump
shall be operated for 15 minutes and t* shall
be 15 minutes. While the pump is operating,
the inlet water temperature and flow rate
shall be maintained at the same values as
used during the steady-state test as specified
in sections 9.1 and 8.4.2.3 of ANSI/ASHRAE
103-1993.

For boilers that employ post purge, meas-
ure the length of the post-purge period with
a stopwatch. The time from burner OFF to
combustion blower OFF (electrically de-en-
ergized) shall be recorded as tp. For the case
where tp is intended to be greater than 180
seconds, stop the combustion blower at 180
seconds and use that value for tp. Measure
the flue gas temperature by means of the
thermocouple grid described in section 7.6 of
ANSI/ASHRAE 103-1993 at the end of the post
purge period tp(Trorr(tp)) and at the time
(3.75 + tp) minutes (Trore(ts)) and (22.5 + tp)
minutes (Tgorr(ts)) after the main burner
shuts off. For the case where the measured tp
is less or equal to 30 seconds, it shall be test-
ed as if there is no post purge and tp shall be
set to equal 0.

8.5 Direct measurement of off-cycle
testing method. [Reserved.]

9.0 Nomenclature. Nomenclature shall in-
clude the nomenclature specified in section
10 of ANSI/ASHRAE Standard 103-1993 and
the following additional variables:

losses

Effnoor=Efficiency of power burner motor

PE,c=Electrical power to the interrupted ig-
nition device, kW

Rr.=rtF if flue gas is measured
=Rrs if stack gas is measured

Rrr=Ratio of combustion air mass flow rate
to stoichiometric air mass flow rate

Rrs=Ratio of the sum of combustion air and
relief air mass flow rate to stoichiometric
air mass flow rate

tic=Electrical interrupted ignition device on-
time, min.

Tassx=Trssx if flue gas temperature is meas-
ured, °F
=Tsssx If stack gas temperature is meas-

ured, °F
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yic=ratio of electrical interrupted ignition
device on-time to average burner on-time

yp=ratio of power burner combustion blower
on-time to average burner on-time

10.0 Calculation of derived results from test
measurements. Calculations shall be as speci-
fied in section 11 of ANSI/ASHRAE Standard
103-1993 and the October 24, 1996, Errata
Sheet for ASHRAE Standard 103-1993, except
for appendices B and C; and as specified in
sections 10.1 through 10.8 and Figure 1 of this
appendix.

10.1 Annual fuel utilization efficiency. The
annual fuel utilization efficiency (AFUE) is
as defined in sections 11.2.12 (non-condensing
systems), 11.3.12 (condensing systems), 11.4.12
(non-condensing modulating systems) and
11.5.12 (condensing modulating systems) of
ANSI/ASHRAE Standard 103-1993, except for
the definition for the term Effyus in the de-
fining equation for AFUE. Effyys is defined
as:

Effyus=heating seasonal efficiency as defined
in sections 11.2.11 (non-condensing sys-
tems), 11.3.11 (condensing systems), 11.4.11
(non-condensing modulating systems) and
11.5.11 (condensing modulating systems) of
ANSI/ASHRAE Standard 103-1993 and is
based on the assumptions that all weather-
ized warm air furnaces or boilers are lo-
cated out-of-doors, that warm air furnaces
which are not weatherized are installed as
isolated combustion systems, and that
boilers which are not weatherized are in-
stalled indoors.

10.2 National average burner operating
hours, average annual fuel energy consumption
and average annual auxiliary electrical energy
consumption for gas or oil furnaces and boilers.

10.2.1 National average number of burner op-
erating hours. For furnaces and boilers
equipped with single stage controls, the na-
tional average number of burner operating
hours is defined as:

BOHss=2,080 (0.77) A DHR-2,080 B

where:

2,080=national average heating load hours
0.77=adjustment factor to adjust the cal-
culated design heating requirement and
heating load hours to the actual heating
load experienced by the heating system
DHR=typical design heating requirements as
listed in Table 8 (in unit of kBtu/h) of
ANSI/ASHRAE Standard 103-1993, using
the proper value of Qour defined in 11.2.8.1
of ANSI/ASHRAE Standard 103-1993
A=100,000 / [341,300(ypPE+YicPEic+YBE)+(Qin—
Qp)Effyus], for forced draft unit, indoors
=100,000 / [341,300(YpPE EffmootYicPEicty
BE)+(Qn—Qp)Effyus], for forced draft unit,
ICS,
=100,000 / [341,300(ypPE(1-Effmotor) +YicPEiG+Y
BE)+(Qn—Qp)Effyus], for induced draft
unit, indoors, and
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=100,000 / [341,300(Yi1cPEic+yYBE)+(Qin—
Qp)Effyus], for induced draft unit, ICS
B=2 Qp(Effyus)(A) / 100,000

where:

Eff.ooc=POwer burner motor efficiency pro-
vided by manufacturer,
=0.50, an assumed default power burner ef-

ficiency if not provided by manufacturer.
100,000=factor that accounts for percent and
kBtu
PE=burner electrical power input at full-
load steady-state operation, including elec-
trical ignition device if energized, as de-
fined in 9.1.2.2 of ANSI/ASHRAE Standard
103-1993
yr=ratio of induced or forced draft blower on-
time to average burner on-time, as follows:
1 for units without post purge;
1+(tp/3.87) for single stage furnaces with
post purge;

1+(tp/10) for two-stage and step modulating
furnaces with post purge;

1+(tp/9.68) for single stage boilers with post
purge; or

1+(tp/15) for two stage and step modulating
boilers with post purge.

PEg=electrical input rate to the interrupted
ignition device on burner (if employed), as
defined in 8.1 of this appendix

yic=ratio of burner interrupted ignition de-
vice on-time to average burner on-time, as
follows:

0 for burners not equipped with interrupted
ignition device;

(ti/3.87) for single stage furnaces;

(tic/10) for two-stage and step modulating
furnaces;

(t1c/9.68) for single stage boilers; or

(tic/15) for two stage and step modulating
boilers.

tic=on-time of the burner interrupted igni-
tion device, as defined in 8.1 of this appen-
dix

tp=post purge time as defined in 8.2 (furnace)
or 8.4 (boiler) of this appendix
=0 if tp is equal to or less than 30 second.

y=ratio of blower or pump on-time to aver-
age burner on-time, as follows:

1 for furnaces without fan delay;

1 for boilers without a pump delay;

1+(tt—t~)/3.87 for single stage furnaces
with fan delay;

1+(t*—t~)/10 for two-stage and step modu-
lating furnaces with fan delay;

1+(t+/9.68) for single stage boilers with
pump delay; or

1+(t+/15) for two stage and step modulating
boilers with pump delay.

BE=circulating air fan or water pump elec-
trical energy input rate at full load steady-
state operation, as defined in ANSl/
ASHRAE Standard 103-1993

Qin=as defined in 11.2.8.1 of ANSI/ASHRAE
Standard 103-1993

Qp=as defined in 11.2.11 of ANSI/ASHRAE
Standard 103-1993
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Effyus=as defined in 11.2.11 (non-condensing
systems) or 11.3.11.3 (condensing systems)
of ANSI/ASHRAE Standard 103-1993, per-
cent, and calculated on the basis of:

ICS installation, for non-weatherized warm
air furnaces;

indoor installation,
boilers; or

outdoor installation, for furnaces and boil-
ers that are weatherized.

2=ratio of the average length of the heating
season in hours to the average heating load
hours

t+t=as defined in 9.5.1.2 of ANSI/ASHRAE
Standard 103-1993 or 8.4 of this appendix

t—=as defined in 9.6.1 of ANSI/ASHRAE
Standard 103-1993

10.2.1.1 For furnaces and boilers equipped
with two stage or step modulating controls
the average annual energy used during the
heating season, Ey, is defined as:

Em=(Qin— Qp) BOHss+(8,760 —4,600)Qp
where:

Qin=as defined in 11.4.8.1.1 of ANSI/ASHRAE
Standard 103-1993
p=as defined in 11.4.12 of ANSI/ASHRAE
Standard 103-1993
BOHss=as defined in section 10.2.1 of this ap-
pendix, in which the weighted Effyys as de-
fined in 11.4.11.3 or 11.5.11.3 of ANSV
ASHRAE Standard 103-1993 is used for cal-
culating the values of A and B, the term
DHR is based on the value of Qour defined
in 11.4.8.1.1 or 11.5.8.1.1 of ANSI/ASHRAE
Standard 103-1993, and the term
(ypPE+y1cPEic+yBE) in the factor A is in-
creased by the factor R, which is defined
as:
R=2.3 for two stage controls
=2.3 for step modulating controls when the
ratio of minimum-to-maximum output is
greater than or equal to 0.5
=3.0 for step modulating controls when the
ratio of minimum-to-maximum output is
less than 0.5
A=100,000/[341,300(ypPE+yiGPEic+y BE)
R+(Qin—Qp) Effyus], for forced draft unit,
indoors
=100,000/[341,300(y»PE EffmotortYicPEic+y BE)
R+(Qiv— Qp)Effyus], for forced draft unit,
ICS,
=100,000/[341,300(ypPE(1-Effmotor) +YicPEic+y
BE) R+(Qin—Qp) Effyus], for induced draft
unit, indoors, and
=100,000/[341,300(y10PE1(3+y BE) R+(Q1N—Qp)
Effyus], for induced draft unit, ICS

where:

Effnoor=Power burner motor efficiency pro-
vided by manufacturer,
=0.50, an assumed default power burner ef-
ficiency if none provided by manufac-
turer.
Effyus=as defined in 11.4.11.3 or 11.5.11.3 of
ANSI/ASHRAE Standard 103-1993, and cal-
culated on the basis of:

for non-weatherized
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—ICS installation, for non-weatherized
warm air furnaces
—indoor installation, for non-weatherized
boilers
—outdoor installation, for furnaces and
boilers that are weatherized
8,760=total number of hours per year
4,600=as specified in 11.4.12 of ANSI/ASHRAE
Standard 103-1993

10.2.1.2 For furnaces and boilers equipped
with two stage or step modulating controls
the national average number of burner oper-
ating hours at the reduced operating mode is
defined as:

BOHr=XrEm/Qinr

where:

Xgr=as defined in 11.4.8.7 of ANSI/ASHRAE
Standard 103-1993

Ewm=as defined in section 10.2.1.1 of this ap-
pendix

Qivr=as defined in 11.4.8.1.2 of ANSI/ASHRAE
Standard 103-1993

10.2.1.3 For furnaces and boilers equipped
with two stage controls the national average
number of burner operating hours at the
maximum operating mode (BOHpy) is defined
as:

BOHu=XuEm/Qin

where:

Xy=as defined in 11.4.8.6 of ANSI/ASHRAE
Standard 103-1993

Emv=as defined in section 10.2.1.1 of this ap-
pendix

Qv=as defined in 11.4.8.1.1 of ANSI/ASHRAE
Standard 103-1993

10.2.1.4 For furnaces and boilers equipped
with step modulating controls the national
average number of burner operating hours at
the modulating operating mode (BOHy) is
defined as:

BOHM=XuEMm/Qinm
where:

Xuy=as defined in 11.4.8.6 of ANSI/ASHRAE
Standard 103-1993

Em=as defined in section 10.2.1.1 of this ap-
pendix

Qinm=Qoutm/(Effyss m/100)

Qourm=as defined in 11.4.8.10 or 11.5.8.10 of
ANSI/ASHRAE Standard 103-1993, as appro-
priate

Effyssm=as defined in 11.4.8.8 or 11.5.8.8 of
ANSI/ASHRAE Standard 103-1993, as appro-
priate, in percent

100=factor that accounts for percent

10.2.2 Average annual fuel energy consump-
tion for gas or oil fueled furnaces or boilers. For
furnaces or boilers equipped with single
stage controls the average annual fuel en-
ergy consumption (Eg) is expressed in Btu
per year and defined as:

Er=BOHss(Qin—Qp)+8,760 Qp
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where:

BOHss=as defined in 10.2.1 of this appendix

Qin=as defined in 11.2.8.1 of ANSI/ASHRAE
Standard 103-1993

Qp=as defined in 11.2.11 of ANSI/ASHRAE
Standard 103-1993

8,760=as specified in 10.2.1 of this appendix

10.2.2.1 For furnaces or boilers equipped
with either two stage or step modulating
controls Eg is defined as:

Er=Ewm + 4,600Qp
where:

Ewm=as defined in 10.2.1.1 of this appendix

4,600=as specified in 11.4.12 of ANSI/ASHRAE
Standard 103-1993

Qp=as defined in 11.2.11 of ANSI/ASHRAE
Standard 103-1993

10.2.3 Average annual auxiliary electrical
energy consumption for gas or oil fueled fur-
naces or boilers. For furnaces or boilers
equipped with single stage controls the aver-
age annual auxiliary electrical consumption
(Eag) is expressed in kilowatt-hours and de-
fined as:

EAEzBOHss(prE +y1c,PE1(;+yBE)
where:

BOHss=as defined in 10.2.1 of this appendix
PE=as defined in 10.2.1 of this appendix
yp=as defined in 10.2.1 of this appendix
yic=as defined in 10.2.1 of this appendix

PE c=as defined in 10.2.1 of this appendix
y=as defined in 10.2.1 of this appendix
BE=as defined in 10.2.1 of this appendix

10.2.3.1 For furnaces or boilers equipped
with two stage controls Exg is defined as:

EAe=BOHRr(YrPEr+YicPEic+YBER) +
BOHH(prEH+y10PElg+y BEH)

where:

BOHgr=as defined in 10.2.1.2 of this appendix

yp=as defined in 10.2.1 of this appendix

PEr=as defined in 9.1.2.2 and measured at the
reduced fuel input rate, of ANSI/ASHRAE
Standard 103-1993

yic=as defined in 10.2.1 of this appendix

PE c=as defined in 10.2.1 of this appendix

y=as defined in 10.2.1 of this appendix

BEr=as defined in 9.1.2.2 of ANSI/ASHRAE
Standard 103-1993, measured at the reduced
fuel input rate

BOHyu=as defined in 10.2.1.3 of this appendix

PEx=as defined in 9.1.2.2 of ANSI/ASHRAE
Standard 103-1993, measured at the max-
imum fuel input rate

BEu=as defined in 9.1.2.2 of ANSI/ASHRAE
Standard 103-1993, measured at the max-
imum fuel input rate

10.2.3.2 For furnaces or boilers equipped
with step modulating controls Exg is defined
as:

EAs=BOHr(yr PEr+Y16PEig+y
BER)+BOHM(YpPEn+YicPEiG+Yy BEH)
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where:

BOHgr=as defined in 10.2.1.2 of this appendix

yp=as defined in 10.2.1 of this appendix

PEr=as defined in 9.1.2.2 of ANSI/ASHRAE
Standard 103-1993, measured at the reduced
fuel input rate

yic=as defined in 10.2.1 of this appendix

PEg=as defined in 10.2.1 of this appendix

y=as defined in 10.2.1. of this appendix

BEr=as defined in 9.1.2.2 of ANSI/ASHRAE
Standard 103-1993, measured at the reduced
fuel input rate

BOHy=as defined in 10.2.1.4 of this appendix

PEu=as defined in 9.1.2.2 of ANSI/ASHRAE
Standard 103-1993, measured at the max-
imum fuel input rate

BEu=as defined in 9.1.2.2 of ANSI/ASHRAE
Standard 103-1993, measured at the max-
imum fuel inputs rate

10.3 Average annual electric energy con-
sumption for electric furnaces or boilers. For
electric furnaces and boilers the average an-
nual energy consumption (Eg) is expressed in
kilowatt-hours and defined as:

Er=100(2,080)(0.77)DHRI/(3.412 AFUE)

where:

100=to express a percent as a decimal
2,080=as specified in 10.2.1 of this appendix
0.77=as specified in 10.2.1 of this appendix
DHR=as defined in 10.2.1 of this appendix
3.412=conversion to express energy in terms
of watt-hours instead of Btu
AFUE=as defined in 11.1 of ANSI/ASHRAE
Standard 103-1993, in percent, and cal-
culated on the basis of:
ICS installation, for non-weatherized warm
air furnaces;
indoor installation,
boilers; or
outdoor installation, for furnaces and boil-
ers that are weatherized.

for non-weatherized

10.4 Energy factor.

10.4.1 Energy factor for gas or oil furnaces
and boilers. Calculate the energy factor, EF,
for gas or oil furnaces and boilers defined as,
in percent:

(B —4.600 Qp) Effyyq
Ep +3412E ,p

EF =

where:

Er=average annual fuel consumption as de-
fined in 10.2.2 of this appendix.

Eag=as defined in 10.2.3 of this appendix.

Effyus=Annual Fuel Utilization Efficiency as
defined in 11.2.11, 11.3.11, 11.4.11 or 11.5.11 of
ANSI/ASHRAE Standard 103-1993, in per-
cent, and calculated on the basis of:
ICS installation, for non-weatherized warm

air furnaces;

indoor installation,

boilers; or

for non-weatherized
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outdoor installation, for furnaces and boil-
ers that are weatherized.
3,412=conversion factor from kilowatt to Btu/
h

10.4.2 Energy factor for electric furnaces and
boilers. The energy factor, EF, for electric
furnaces and boilers is defined as:

EF=AFUE

where:

AFUE=Annual Fuel Utilization Efficiency as
defined in section 10.3 of this appendix, in
percent

10.5 Average annual energy consumption for
furnaces and boilers located in a different geo-
graphic region of the United States and in
buildings with different design heating require-
ments.

10.5.1 Average annual fuel energy consump-
tion for gas or oil-fueled furnaces and boilers lo-
cated in a different geographic region of the
United States and in buildings with different
design heating requirements. For gas or oil-
fueled furnaces and boilers the average an-
nual fuel energy consumption for a specific
geographic region and a specific typical de-
sign heating requirement (Egr) is expressed
in Btu per year and defined as:

Err=(Er—8,760 Qp)(HLH/2,080)+8,760 Qp
where:

Er=as defined in 10.2.2 of this appendix

8,760=as specified in 10.2.1 of this appendix

Qp=as defined in 11.2.11 of ANSI/ASHRAE
Standard 103-1993

HLH=heating load hours for a specific geo-
graphic region determined from the heat-
ing load hour map in Figure 1 of this ap-
pendix

2,080=as defined in 10.2.1 of this appendix

10.5.2  Average annual auxiliary electrical
energy consumption for gas or oil-fueled fur-
naces and boilers located in a different geo-
graphic region of the United States and in
buildings with different design heating require-
ments. For gas or oil-fueled furnaces and boil-
ers the average annual auxiliary electrical
energy consumption for a specific geographic
region and a specific typical design heating
requirement (Eagr) is expressed in kilowatt-
hours and defined as:

Eaer=Ear (HLH/2,080)
where:
Eae=as defined in 10.2.3 of this appendix

HLH=as defined in 10.5.1 of this appendix
2,080=as specified in 10.2.1 of this appendix

10.5.3 Average annual electric energy con-
sumption for electric furnaces and boilers lo-
cated in a different geographic region of the
United States and in buildings with different
design heating requirements. For electric fur-
naces and boilers the average annual electric
energy consumption for a specific geographic
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region and a specific typical design heating
requirement (Egr) is expressed in kilowatt-
hours and defined as:

Err=100 (0.77) DHR HLH/(3.412 AFUE)

where:
100=as specified in 10.3 of this appendix
0.77=as specified in 10.2.1 of this appendix
DHR=as defined in 10.2.1 of this appendix
HLH=as defined in 10.5.1 of this appendix
3.412=as specified in 10.3 of this appendix
AFUE=as defined in 10.3 of this appendix, in
percent

10.6 Annual energy consumption for mobile
home furnaces

10.6.1 National average number of burner
operating hours for mobile home furnaces
(BOHss). BOHgss is the same as in 10.2.1 of this
appendix, except that the value of Effyys in
the calculation of the burner operating
hours, BOHss, is calculated on the basis of a
direct vent unit with system number 9 or 10.

10.6.2 Average annual fuel energy for mobile
home furnaces (Eg). Er is same as in 10.2.2 of
this appendix except that the burner oper-
ating hours, BOHzss, is calculated as specified
in 10.6.1 of this appendix.

10.6.3 Average annual auxiliary electrical
energy consumption for mobile home furnaces
(Eag). Eag is the same as in 10.2.3 of this ap-
pendix, except that the burner operating
hours, BOHss, is calculated as specified in
10.6.1 of this appendix.

10.7 Calculation of sales weighted average
annual energy consumption for mobile home
furnaces. In order to reflect the distribution
of mobile homes to geographical regions
with average HLHwmur value different from
2,080, adjust the annual fossil fuel and auxil-
iary electrical energy consumption values
for mobile home furnaces using the following
adjustment calculations.

10.7.1 For mobile home furnaces the sales
weighted average annual fossil fuel energy
consumption is expressed in Btu per year and
defined as:

Ermur=(Er—8,760 Qp)HLHMmur/2,080+8,760 Qp

where:

Er=as defined in 10.6.2 of this appendix

8,760=as specified in 10.2.1 of this appendix

Qp=as defined in 11.2.11 of ANSI/ASHRAE
Standard 103-1993

HLHwMmur=1880, sales weighted average heating
load hours for mobile home furnaces

2,080=as specified in 10.2.1 of this appendix

10.7.2 For mobile home furnaces the sales
weighted average annual auxiliary electrical
energy consumption is expressed in kilowatt-
hours and defined as:

EAE,MHF:EAEHLHMHF/Z,OSO

where:

Eae=as defined in 10.6.3 of this appendix
HLHwmur=as defined in 10.7.1 of this appendix
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10.8 Direct determination of off-cycle losses
for furnaces and boilers equipped with thermal

stack dampers. [Reserved.]

as specified in 10.2.1 of this appendix
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APPENDIX O TO SUBPART B OF PART 430-
UNIFORM TEST METHOD FOR MEAS-
URING THE ENERGY CONSUMPTION OF
VENTED HOME HEATING EQUIPMENT

1.0 Definitions

1.1 **Air shutter’” means an adjustable de-
vice for varying the size of the primary air
inlet(s) to the combustion chamber power
burner.

1.2 “*Air tube’” means a tube which carries
combustion air from the burner fan to the
burner nozzle for combustion.

1.3 “Barometic draft regulator or baro-
metric damper’” means a mechanical device
designed to maintain a constant draft in a
vented heater.

1.4 *“Draft hood” means an external de-
vice which performs the same function as an
integral draft diverter, as defined in section
1.17 of this appendix.

1.5 *““Electro-mechanical stack damper”
means a type of stack damper which is oper-
ated by electrical and/or mechanical means.

1.6 ‘‘Excess air’” means air which passes
through the combustion chamber and the
vented heater flues in excess of that which is
theoretically required for complete combus-
tion.

1.7 “Flue” means a conduit between the
flue outlet of a vented heater and the inte-
gral draft diverter, draft hood, barometric
damper or vent terminal through which the
flue gases pass prior to the point of draft re-
lief.

1.8 “*Flue damper” means a device in-
stalled between the furnace and the integral
draft diverter, draft hood, barometric draft
regulator, or vent terminal which is not
equipped with a draft control device, de-
signed to open the venting system when the
appliance is in operation and to close the
venting system when the appliance is in a
standby condition.

1.9 *“*Flue gases’” means reaction products
resulting from the combustion of a fuel with
the oxygen of the air, including the inerts
and any excess air.

1.10 ““Flue losses’”” means the sum of sen-
sible and latent heat losses above room tem-
perature of the flue gases leaving a vented
heater.

1.11 “*Flue outlet’” means the opening pro-
vided in a vented heater for the exhaust of
the flue gases from the combustion chamber.

1.12 ‘“*Heat input’” (Qi,) means the rate of
energy supplied in a fuel to a vented heater
operating under steady-state conditions, ex-
pressed in Btu’s per hour. It includes any
input energy to the pilot light and is ob-
tained by multiplying the measured rate of
fuel consumption by the measured higher
heating value of the fuel.

1.13 “*Heating capacity”’ (Q.u) Means the
rate of useful heat output from a vented
heater, operating under steady-state condi-
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tions, expressed in Btu’s per hour. For room
and wall heaters, it is obtained by multi-
plying the “heat input” (Qi,) by the steady-
state efficency (ns) divided by 100. For floor
furnaces, it is obtained by multiplying (A)
the ““heat input” (Qi,) by (B) the steady-state
efficiency divided by 100, minus the quantity
(2.8) (L;) divided by 100, where L; is the jacket
loss as determined in section 3.2 of this ap-
pendix.

1.14 “*Higher heating value” (HHV) means
the heat produced per unit of fuel when com-
plete combustion takes place at constant
pressure and the products of combustion are
cooled to the initial temperature of the fuel
and air and when the water vapor formed
during combustion is condensed. The higher
heating value is usually expressed in Btu’s
per pound, Btu’s per cubic foot for gaseous
fuel, or Btu’s per gallon for liquid fuel.

1.15 “Induced draft’” means a method of
drawing air into the combustion chamber by
mechanical means.

1.16 ““Infiltration parameter’” means that
portion of unconditioned outside air drawn
into the heated space as a consequence of
loss of conditioned air through the exhaust
system of a vented heater.

1.17 “‘Integral draft diverter’” means a de-
vice which is an integral part of a vented
heater, designed to: (1) Provide for the ex-
haust of the products of combustion in the
event of no draft, back draft, or stoppage be-
yond the draft diverter, (2) prevent a back
draft from entering the vented heater, and
(3) neutralize the stack action of the chim-
ney or gas vent upon the operation of the
vented heater.

1.18 *““Manually controlled vented heat-
ers’” means either gas or oil fueled vented
heaters equipped without thermostats.

1.19 “*Modulating control’’ means either a
step-modulating or two-stage control.

1.20 ““Power burner’” means a vented heat-
er burner which supplies air for combustion
at a pressure exceeding atmospheric pres-
sure, or a burner which depends on the draft
induced by a fan incorporated in the furnace
for proper operation.

1.21 “*Reduced heat input rate’”” means the
factory adjusted lowest reduced heat input
rate for vented home heating equipment
equipped with either two stage thermostats
or step-modulating thermostats.

1.22 “Single stage thermostat” means a
thermostat that cycles a burner at the max-
imum heat input rate and off.

1.23 “*Stack’ means the portion of the ex-
haust system downstream of the integral
draft diverter, draft hood or barometric draft
regulator.

1.24 “‘Stack damper’” means a device in-
stalled downstream of the integral draft di-
verter, draft hood, or barometric draft regu-
lator, designed to open the venting system
when the appliance is in operation and to
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close off the venting system when the appli-
ance is in the standby condition.

1.25 “‘Stack gases’” means the flue gases
combined with dilution air that enters at the
integral draft diverter, draft hood or baro-
metric draft regulator.

1.26 ‘‘Steady-state conditions for vented
home heating equipment’” means equi-
librium conditions as indicated by tempera-
ture variations of not more than 5 °F (2.8C)
in the flue gas temperature for units
equipped with draft hoods, barometric draft
regulators or direct vent systems, in three
successive readings taken 15 minutes apart
or not more than 3 °F (1.7C) in the stack gas
temperature for units equipped with integral
draft diverters in three successive readings
taken 15 minutes apart.

1.27 *“*Step-modulating control”” means a
control that either cycles off and on at the
low input if the heating load is light, or
gradually, increases the heat input to meet
any higher heating load that cannot be met
with the low firing rate.

1.28 ““Thermal stack damper’” means a
type of stack damper which is dependent for
operation exclusively upon the direct con-
version of thermal energy of the stack gases
into movement of the damper plate.

1.29 “*Two stage control’”” means a control
that either cycles a burner at the reduced
heat input rate and off or cycles a burner at
the maximum heat input rate and off.

1.30 ““Vaporizing-type oil burner’” means a
device with an oil vaporizing bowl or other
receptacle designed to operate by vaporizing
liquid fuel oil by the heat of combustion and
mixing the vaporized fuel with air.

1.31 ““Vent/air intake terminal” means a
device which is located on the outside of a
building and is connected to a vented heater
by a system of conduits. It is composed of an
air intake terminal through which the air
for combustion is taken from the outside at-
mosphere and a vent terminal from which
flue gases are discharged.

1.32 ““Vent limiter’” means a device which
limits the flow of air from the atmospheric
diaphragm chamber of a gas pressure regu-
lator to the atmosphere. A vent limiter may
be a limiting orifice or other limiting device.

1.33 ““Vent pipe”” means the passages and
conduits in a direct vent system through
which gases pass from the combustion cham-
ber to the outdoor air.

2.0 Testing conditions.

2.1 Installation of test unit.

2.1.1 Vented wall furnaces (including direct
vent systems). Install gas fueled vented wall
furnaces for test as specified in sections 2.1.3
and 2.1.4 of ANSI Z21.49-1975. Install gas
fueled wall furnaces with direct vent systems
for test as described in sections 2.1.3 and 2.1.4
of ANSI Z21.44-1973. Install oil fueled vented
wall furnaces as specified in UL-730-1974, sec-
tion 33. Install oil fueled vented wall fur-
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naces with direct vent systems as specified
in UL-730-1974, section 34.

2.1.2 Vented floor furnaces. Install vented
floor furnaces for test as specified in sections
35.1 through 35.5 of UL-729-1976.

2.1.3 Vented room heaters. Install in ac-
cordance with manufacturer’s instructions.

2.2 Flue and stack requirements.

2.2.1 Gas fueled vented home heating equip-
ment employing integral draft diverters and
draft hoods (excluding direct vent systems). At-
tach to, and vertically above the outlet of
gas fueled vented home heating equipment
employing draft diverters or draft hoods
with vertically discharging outlets, a five (5)
foot long test stack having a cross sectional
area the same size as the draft diverter out-
let.

Attach to the outlet of vented heaters hav-
ing a horizontally discharging draft diverter
or draft hood outlet a 90 degree elbow, and a
five (5) foot long vertical test stack. A hori-
zontal section of pipe may be used on the
floor furnace between the diverter and the
elbow if necessary to clear any framing used
in the installation. Use the minimum length
of pipe possible for this section. Use stack,
elbow, and horizontal section with same
cross sectional area as the diverter outlet.

2.2.2 Oil fueled vented home heating equip-
ment (excluding direct vent systems). Use flue
connections for oil fueled vented floor fur-
naces as specified in section 35 of UL 729-
1976, sections 34.10 through 34.18 of UL 730-
1974 for oil fueled vented wall furnaces and
sections 36.2 and 36.3 of UL 896-1973 for oil
fueled vented room heaters.

2.2.3 Direct vent systems. Have the exhaust/
air intake system supplied by the manufac-
turer in place during all tests. Test units in-
tended for installation with a variety of vent
pipe lengths with the minimum length rec-
ommended by the manufacturer. Do not con-
nect a heater employing a direct vent system
to a chimney or induced draft source. Vent
the gas solely on the provision for venting
incorporated in the heater and the vent/air
intake system supplied with it.

2.3 Fuel supply.

2.3.1 Natural gas. For a vented heater uti-
lizing natural gas, maintain the gas supply
to the unit under test at a normal inlet test
pressure immediately ahead of all controls
at 7 to 10 inches water column. Maintain the
regulator outlet pressure at normal test
pressure approximately at that rec-
ommended by the manufacturer. Use natural
gas having a specific gravity of approxi-
mately 0.65 and a higher heating value with-
in + 5 percent of 1,025 Btu’s per standard
cubic foot. Determine the actual higher
heating value in Btu’s per standard cubic
foot for the natural gas to be used in the test
with an error no greater than one percent.

2.3.2 Propane gas. For a vented heater uti-
lizing propane gas, maintain the gas supply
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to the unit under test at a normal inlet pres-
sure of 11 to 13 inches water column and a
specific gravity of approximately 1.53. Main-
tain the regulator outlet pressure, on units
so equipped, approximately at that rec-
ommended by the manufacturer. Use propane
having a specific gravity of approximately
1.53 and a higher heating value within + 5
percent of 2,500 Btu’s per standard cubic foot.
Determine the actual higher heating value in
Btu’s per standard cubic foot for the propane
to be used in the test with an error no great-
er than one percent.

2.3.3 Other test gas. Use other test gases
with characteristics as described in section
2.2, table VII, of ANSI Standard Z21.11.1-1974.
Use gases with a measured higher heating
value within + 5 percent of the values speci-
fied in the above ANSI standard. Determine
the actual higher heating value of the gas
used in the test with an error no greater
than one percent.

2.3.4 Oil supply. For a vented heater uti-
lizing fuel oil, use No. 1, fuel oil (kerosene)
for vaporizing-type burners and either No. 1
or No. 2 fuel oil, as specified by the manufac-
turer, for mechanical atomizing type burn-
ers. Use No. 1 fuel oil with a viscosity meet-
ing the specifications as specified in UL-730-
1974, section 36.9. Use test fuel conforming to
the specifications given in tables 2 and 3 of
ANSI Standard Z91.1-1972
for No. 1 and No. 2 fuel oil. Measure the high-
er heating value of the test fuel with an
error no greater than one percent.

2.3.5 Electrical supply. For auxiliary elec-
tric components of a vented heater, maintain
the electrical supply to the test unit within
one percent of the nameplate voltage for the
entire test cycle. If a voltage range is used
for nameplate voltage, maintain the elec-
trical supply within one percent of the mid-
point of the nameplate voltage range.

2.4 Burner adjustments.

2.4.1 Gas burner adjustments. Adjust the
burners of gas fueled vented heaters to their
maximum Btu ratings at the test pressure
specified in section 2.3 of this appendix. Cor-
rect the burner volumetric flow rate to 60 °F
(15.6C) and 30 inches of mercury barometric
pressure, set the fuel flow rate to obtain a
heat rate of within +2 percent of the hourly
Btu rating specified by the manufacturer as
measured after 15 minutes of operation start-
ing with all parts of the vented heater at
room temperature. Set the primary air shut-
ters in accordance with the manufacturer’s
recommendations to give a good flame at
this adjustment. Do not allow the deposit of
carbon during any test specified herein.

If a vent limiting means is provided on a
gas pressure regulator, have it in place dur-
ing all tests.

For gas fueled heaters with modulating
controls adjust the controls to operate the
heater at the maximum fuel input rate. Set
the thermostat control to the maximum set-
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ting. Start the heater by turning the safety
control valve to the ‘‘on” position. In order
to prevent modulation of the burner at max-
imum input, place the thermostat sensing
element in a temperature control bath which
is held at a temperature below the maximum
set point temperature of the control.

For gas fueled heaters with modulating
controls adjust the controls to operate the
heater at the reduced fuel input rate. Set the
thermostat control to the minimum setting.
Start the heater by turning the safety con-
trol valve to the ‘“‘on’ position. If ambient
test room temperature is above the lowest
control set point temperature, initiate burn-
er operation by placing the thermostat sens-
ing element in a temperature control bath
that is held at a temperature below the min-
imum set point temperature of the control.

2.4.2 Oil burner adjustments. Adjust the
burners of oil fueled vented heaters to give
the CO, reading recommended by the manu-
facturer and an hourly Btu input, during the
steady-state performance test described
below, which is within +2 percent of the heat-
er manufacturer’s specified normal hourly
Btu input rating. On units employing a
power burner do not allow smoke in the flue
to exceed a No. 1 smoke during the steady-
state performance test as measured by the
procedure in ANSI Standard Z11.182-1965
(R1971) (ASTM D 2156-65 (1970)). If, on units
employing a power burner, the smoke in the
flue exceeds a No. 1 smoke during the steady-
state test, readjust the burner to give a
lower smoke reading, and, if necessary a
lower CO, reading, and start all tests over.
Maintain the average draft over the fire and
in the flue during the steady-state perform-
ance test at that recommended by the manu-
facturer within £0.005 inches of water gauge.
Do not make additional adjustments to the
burner during the required series of perform-
ance tests. The instruments and measuring
apparatus for this test are described in sec-
tion 6.3 of ANSI standard Z91.1-1972.

2.5 Circulating air adjustments.

2.5.1 Forced air vented wall furnaces (in-
cluding direct vent systems). During tests
maintain the air flow through the heater as
specified by the manufacturer and operate
the vented heater with the outlet air tem-
perature between 80 °F and 130 °F above room
temperature. If adjustable air discharge reg-
isters are provided, adjust them so as to pro-
vide the maximum possible air restriction.
Measure air discharge temperature as speci-
fied in section 2.14 of ANSI Z21.49-1975.

2.5.2 Fan type vented room heaters and floor
furnaces. During tests on fan type furnaces
and heaters, adjust the air flow through the
heater as specified by the manufacturer. If
adjustable air discharge registers are pro-
vided, adjust them to provide the maximum
possible air restriction.

2.6 Location of temperature measuring in-
strumentation.
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2.6.1 Gas fueled vented home heating equip-
ment (including direct vent systems). For units
employing an integral draft diverter, install
nine thermocouples, wired in parallel, in a
horizontal plane in the five foot test stack
located one foot from the test stack inlet.
Equalize the length of all thermocouple
leads before paralleling. Locate one thermo-
couple in the center of the stack. Locate
eight thermocouples along imaginary lines
intersecting at right angles in this hori-
zontal plane at points one third and two
thirds of the distance between the center of
the stack and the stack wall.

For units which employ a direct vent sys-
tem, locate at least one thermocouple at the
center of each flue way exiting the heat ex-
changer. Provide radiation shields if the
thermocouples are exposed to burner radi-
ation.

For units which employ a draft hood or
units which employ a direct vent system
which does not significantly preheat the in-
coming combustion air, install nine
thermocouples, wired in parallel, in a hori-
zontal plane located within 12 inches (304.8
mm) of the heater outlet and upstream of
the draft hood on units so equipped. Locate
one thermocouple in the center of the pipe
and eight thermocouples along imaginary
lines intersecting at right angles in this hor-
izontal plane at points one third and two
thirds of the distance between the center of
the pipe and the pipe wall.

For units which employ direct vent sys-
tems that significantly preheat the incoming
combustion air, install nine thermocouples,
wired in parallel, in a plane parallel to and
located within 6 inches (152.4 mm) of the
vent/air intake terminal. Equalize the length
of all thermocouple leads before paralleling.
Locate one thermocouple in the center of the
vent pipe and eight thermocouples along
imaginary lines intersecting at right angles
in this plane at points one third and two
thirds of the distance between the center of
the flue pipe and the pipe wall.

Use bead-type thermocouples having wire
size not greater than No. 24 American Wire
Gauge (AWG). If there is a possibility that
the thermocouples could receive direct radi-
ation from the fire, install radiation shields
on the fire side of the thermocouples only
and position the shields so that they do not
touch the thermocouple junctions.

Install thermocouples for measuring condi-
tioned warm air temperature as described in
ANSI Z21.49-1975, section 2.14. Establish the
temperature of the inlet air by means of sin-
gle No. 24 AWG bead-type thermocouple,
suitably shielded from direct radiation and
located in the center of the plane of each
inlet air opening.

2.6.2 Oil fueled vented home heating equip-
ment (including direct vent systems). Install
nine thermocouples, wired in parallel and
having equal length leads, in a plane perpen-
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dicular to the axis of the flue pipe. Locate
this plane at the position shown in Figure
34.4 of UL 730-1974, or Figures 35.1 and 35.2 of
UL 729-1976 for a single thermocouple, except
that on direct vent systems which signifi-
cantly preheat the incoming combustion air,
it shall be located within 6 inches (152.5 mm)
of the outlet of the vent/air intake terminal.
Locate one thermocouple in the center of the
flue pipe and eight thermocouples along
imaginary lines intersecting at right angles
in this plane at points one third and two
thirds of the distance between the center of
the pipe and pipe wall.

Use bead-type thermocouples having a wire
size not greater than No. 24 AWG. If there is
a possibility that the thermocouples could
receive direct radiation from the fire, install
radiation shields on the fire side of the
thermocouples only and position the shields
so that they do not touch the thermocouple
junctions.

Install thermocouples for measuring the
conditioned warm air temperature as de-
scribed in sections 35.12 through 35.17 of UL
730-1974. Establish the temperature of the
inlet air by means of a single No. 24 AWG
bead-type thermocouple, suitably shielded
from direct radiation and located in the cen-
ter of the plane of each inlet air opening.

2.7 Combustion measurement instrumenta-
tion. Analyze the samples of stack and flue
gases for vented heaters to determine the
concentration by volume of carbon dioxide
present in the dry gas with instrumentation
which will result in a reading having an ac-
curacy of £0.1 percentage points.

2.8 Energy flow instrumentation. Install one
or more instruments, which measure the
rate of gas flow or fuel oil supplied to the
vented heater, and if appropriate, the elec-
trical energy with an error no greater than
one percent.

2.9 Room ambient temperature. During the
time period required to perform all the test-
ing and measurement procedures specified in
section 3.0 of this appendix, maintain the
room temperature within 15 °F (£2.8C) of the
value Tra measured during the steady-state
performance test. At no time during these
tests shall the room temperature exceed 100
°F (37.8C) or fall below 65 °F (18.3C).

Temperature (Tra) shall be the arithmetic
average temperature of the test area, deter-
mined by measurement with four No. 24
AWG bead-type thermocouples with junc-
tions shielded against radiation, located ap-
proximately at 90-degree positions on a cir-
cle circumscribing the heater or heater
enclosure under test, in a horizontal plane
approximately at the vertical midpoint of
the appliance or test enclosure, and with the
junctions approximately 24 inches from sides
of the heater or test enclosure and located so
as not to be affected by other than room air.
Locate a thermocouple at each elevation of
draft relief inlet opening and combustion air

246



Department of Energy

inlet opening at a distance of approximately
24 inches from the inlet openings. The tem-
perature of the air for combustion and the
air for draft relief shall not differ more than
+5 °F from room temperature as measured
above.

2.10 Equipment used to measure mass flow
rate in flue and stack. The tracer gas chosen
for this task should have a density which is
less than or approximately equal to the den-
sity of air. Use a gas unreactive with the en-
vironment to be encountered. Using instru-
mentation of either the batch or continuous
type, measure the concentration of tracer
gas with an error no greater than 2 percent
of the value of the concentration measured.

3.0 Testing and measurements.

3.1 Steady-state testing.

3.1.1 Gas fueled vented home heating equip-
ment (including direct vent systems). Set up the
vented heater as specified in sections 2.1, 2.2,
and 2.3 of this appendix. The draft diverter
shall be in the normal open condition and
the stack shall not be insulated. (Insulation
of the stack is no longer required for the
vented heater test.) Begin the steady-state
performance test by operating the burner
and the circulating air blower, on units so
equipped, with the adjustments specified by
sections 2.4.1 and 2.5 of this appendix, until
steady-state conditions are attained as indi-
cated by a temperature variation of not
more than 3 °F (1.7 C) in the stack gas tem-
perature for vented heaters equipped with
draft diverters or 5 °F (2.8 C) in the flue gas
temperature for vented heaters equipped
with either draft hoods or direct vent sys-
tems; in three successive readings taken 15
minutes apart.

On units employing draft diverters, meas-
ure the room temperature (Tra) as described
in section 2.9 of this appendix and measure
the steady-state stack gas temperature
(Ts,ss) using the nine thermocouples located
in the 5 foot test stack as specified in section
2.6.1 of this appendix. Secure a sample of the
stack gases in the plane where Tsss is meas-
ured or within 3.5 feet downstream of this
plane. Determine the concentration by vol-
ume of carbon dioxide (Xcozs) present in the
dry stack gas. If the location of the gas sam-
pling differs from the temperature measure-
ment plane, there shall be no air leaks
through the stack between these two loca-
tions.

On units employing draft hoods or direct
vent systems, measure the room tempera-
ture (Tra) as described in section 2.9 of this
appendix and measure the steady-state flue
gas temperature (Tgss), using the nine
thermocouples located in the flue pipe as de-
scribed in section 2.6.1 of this appendix. Se-
cure a sample of the flue gas in the plane of
temperature measurement and determine
the concentration by volume of CO, (Xcozr)
present in dry flue gas. In addition, for units

Pt. 430, Subpt. B, App. O

employing draft hoods, secure a sample of
the stack gas in a horizontal plane in the
five foot test stack located one foot from the
test stack inlet; and determine the con-
centration by volume of CO, (Xcozs) present
in dry stack gas.

Determine the steady-state heat input rate
(Qin) including pilot gas by multiplying the
measured higher heating value of the test
gas by the steady-state gas input rate cor-
rected to standard conditions of 60 °F and 30
inches of mercury. Use measured values of
gas temperature and pressure at the meter
and the barometric pressure to correct the
metered gas flow rate to standard condi-
tions.

After the above test measurements have
been completed on units employing draft
diverters, secure a sample of the flue gases
at the exit of the heat exchanger(s) and de-
termine the concentration of CO, (Xcozr)
present. In obtaining this sample of flue gas,
move the sampling probe around or use a
sample probe with multiple sampling ports
in order to assure that an average value is
obtained for the CO, concentration. For
units with multiple heat exchanger outlets,
measure the CO, concentration in a sample
from each outlet to obtain the average CO-
concentration for the unit. A manifold (par-
allel connected sampling tubes) may be used
to obtain this sample.

For heaters with single stage thermostat
control (wall mounted electric thermostats),
determine the steady-state efficiency at the
maximum fuel input rate as specified in sec-
tion 2.4 of this appendix.

For gas fueled vented heaters equipped
with either two stage thermostats or step-
modulating thermostats, determine the
steady-state efficiency at the maximum fuel
input rate, as specified in section 2.4.1 of this
appendix, and at the reduced fuel input rate,
as specified in section 2.4.1 of this appendix.

For manually controlled gas fueled vented
heaters, with various input rates determine
the steady-state efficiency at a fuel input
rate that is within 15 percent of 50 percent of
the maximum fuel input rate. If the heater is
designed to use a control that precludes op-
eration at other than maximum output (sin-
gle firing rate) determine the steady state
efficiency at the maximum input rate only.

3.1.2 Oil fueled vented home heating equip-
ment (including direct vent systems). Set up
and adjust the vented heater as specified in
sections 2.1, 2.2, and 2.3.4 of this appendix.
Begin the steady-state performance test by
operating the burner and the circulating air
blower, on units so equipped, with the ad-
justments specified by sections 2.4.2 and 2.5
of this appendix until steady-state condi-
tions are attained as indicated by a tempera-
ture variation of not more than 5 °F (2.8 C)
in the flue gas temperature in three succes-
sive readings taken 15 minutes apart.
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Do not allow smoke in the flue, for units
equipped with power burners, to exceed a No.
1 smoke during the steady-state performance
test as measured by the procedure described
in ANSI standard Z11.182-1965 (R1971) (ASTM
D 2156-65 (1970)). Maintain the average draft
over the fire and in the breeching during the
steady-state performance test at that rec-
ommended by the manufacturer +0.005 inches
of water gauge.

Measure the room temperature (Tra) as de-
scribed in section 2.9 of this appendix and
measure the steady-state flue gas tempera-
ture (Tgss) using nine thermocouples located
in the flue pipe as described in section 2.6.2
of this appendix. Secure a sample of the flue
gas in the plane of temperature measure-
ment and determine the concentration by
volume of CO,(Xcozr) present in dry flue gas.
Measure and record the steady-state heat
input rate (Qin)-

For manually controlled oil fueled vented
heaters, determine the steady-state effi-
ciency at a fuel input rate that is within £5
percent of 50 percent of the maximum fuel
input rate.

3.1.3 Auxiliary Electric Power Measurement.
Allow the auxiliary electrical system of a
gas or oil vented heater to operate for at
least five minutes before recording the max-
imum auxiliary electric power measurement
from the wattmeter. Record the maximum
electric power (Pg) expressed in kilowatts.
For vented heaters with modulating con-
trols, the recorded (Pg) shall be maximum
measured electric power multiplied by the
following factor (R). For two stage controls,
R=1.3. For step modulating controls, R=1.4
when the ratio of minimum-to-maximum
fuel input is greater than or equal to 0.7,
R=1.7 when the ratio of minimum-to-max-
imum fuel input is less than 0.7 and greater
than or equal to 0.5, and R=2.2 when the ratio
of minimum-to-maximum fuel input is less
than 0.5.

3.2 Jacket loss measurement. Conduct a
jacket loss test for vented floor furnaces.
Measure the jacket loss (L;) in accordance
with the ANSI standard Z21.48-1976 section
2.12.

3.3 Measurement of the off-cycle losses for
vented heaters equipped with thermal stack
dampers. Install the thermal stack damper
according to the manufacturer’s instruc-
tions. Unless specified otherwise, the ther-
mal stack damper should be at the draft di-
verter exit collar. Attach a five foot length
of bare stack to the outlet of the damper. In-
stall thermocouples as specified in section
2.6.1 of this appendix.

For vented heaters equipped with single
stage thermostats, measure the off-cycle
losses at the maximum fuel input rate. For
vented heaters equipped with two stage ther-
mostats, measure the off-cycle losses at the
maximum fuel input rate and at the reduced
fuel input rate. For vented heaters equipped
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with step-modulating thermostats, measure
the off-cycle losses at the reduced fuel input
rate.

Let the vented heater heat up to a steady-
state condition. Feed a tracer gas at a con-
stant metered rate into the stack directly
above and within one foot above the stack
damper. Record tracer gas flow rate and tem-
perature. Measure the tracer gas concentra-
tion in the stack at several locations in a
horizontal plane through a cross section of
the stack at a point sufficiently above the
stack damper to ensure that the tracer gas is
well mixed in the stack.

Continuously measure the tracer gas con-
centration and temperature during a 10
minute cool down period. Shut the burner off
and immediately begin measuring tracer gas
concentration in the stack, stack tempera-
ture, room temperature, and barometric
pressure. Record these values as the mid-
point of each one-minute interval between
burner shut down and ten minutes after
burner shut down. Meter response time and
sampling delay time shall be considered in
timing these measurements.

3.4 Measurement of the effectiveness of
electro-mechanical stack dampers. For vented
heaters equipped with electro-mechanical
stack dampers, measure the cross sectional
area of the stack (A), the net area of the
damper plate (A,), and the angle that the
damper plate makes when closed with a
plane perpendicular to the axis of the stack
(©2). The net area of the damper plate means
the area of the damper plate minus the area
of any holes through the damper plate.

3.5 Pilot light measurement.

3.5.1 Measure the energy input rate to the
pilot light (Qp) with an error no greater than
3 percent for vented heaters so equipped.

3.5.2 For manually controlled heaters
where the pilot light is designed to be turned
off by the user when the heater is not in use,
that is, turning the control to the OFF posi-
tion will shut off the gas supply to the burn-
er(s) and to the pilot light, the measurement
of Qp is not needed. This provision applies
only if an instruction to turn off the unit is
provided on the heater near the gas control
valve (e.g. by label) by the manufacturer.

3.6 Optional procedure for determining Dy
Dy and D, for systems for all types of vented
heaters. For all types of vented heaters, Dy
Dr and Ds can be measured by the following
optional cool down test.

Conduct a cool down test by letting the
unit heat up until steady-state conditions
are reached, as indicated by temperature
variation of not more than 5 °F (2.8 °C) in the
flue gas temperature in three successive
readings taken 15 minutes apart, and then
shutting the unit off with the stack or flue
damper controls by-passed or adjusted so
that the stack or flue damper remains open
during the resulting cool down period. If a
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draft was maintained on oil fueled units in
the flue pipe during the steady-state per-
formance test described in section 3.1 of this
appendix, maintain the same draft (within a
range of —.001 to +.005 inches of water gauge
of the average steady-state draft) during this
cool down period.

Measure the flue gas mass flow rate
(mMeorr) during the cool down test described
above at a specific off-period flue gas tem-
perature and corrected to obtain its value at
the steady-state flue gas temperature (Tgss),
using the procedure described below.

Within one minute after the unit is shut
off to start the cool down test for deter-
mining Dg, begin feeding a tracer gas into
the combustion chamber at a constant flow
rate of Vr, and at a point which will allow
for the best possible mixing with the air
flowing through the chamber. (On units
equipped with an oil fired power burner, the
best location for injecting this tracer gas ap-
pears to be through a hole drilled in the air
tube.) Periodically measure the value of V¢
with an instantaneously reading flow meter
having an accuracy of £3 percent of the quan-
tity measured. Maintain Vr at less than 1
percent of the air flow rate through the fur-
nace. If a combustible tracer gas is used,
there should be a delay period between the
time the burner gas is shut off and the time
the tracer gas is first injected to prevent ig-
nition of the tracer gas.

Between 5 and 6 minutes after the unit is
shut off to start the cool down test, measure
at the exit of the heat exchanger the average
flue gas temperature, T*g . At the same in-
stant the flue gas temperature is measured,
also measure the percent volumetric con-
centration of tracer gas Cr in the flue gas in
the same plane where T*ron is determined.
Obtain the concentration of tracer gas using
an instrument which will result in an accu-
racy of +2 percent in the value of Cr meas-
ured. If use of a continuous reading type in-
strument results in a delay time between
drawing of a sample and its analysis, this
delay should be taken into account so that
the temperature measurement and the meas-
urement of tracer gas concentration coin-
cide. In addition, determine the temperature
of the tracer gas entering the flow meter (Tr)
and the barometric pressure (Pg).

The rate of the flue gas mass flow through
the vented heater and the factors Dp, Df, and
Ds are calculated by the equations in sec-
tions 4.5.1 through 4.5.3 of this appendix.

4.0 Calculations.

4.1 Annual fuel utilization efficiency for gas
or oil fueled vented home heating equipment
equipped without manual controls and without
thermal stack dampers. The following proce-
dure determines the annual fuel utilization
efficiency for gas or oil fueled vented home
heating equipment equipped without manual
controls and without thermal stack dampers.
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4.1.1 System number. Obtain the system
number from Table 1 of this appendix.

4.1.2 Off-cycle flue gas draft factor. Based
on the system number, determine the off-
cycle flue gas draft factor (Dg) from Table 1
of this appendix.

4.1.3 Off-cycle stack gas draft factor. Based
on the system number, determine the off-
cycle stack gas draft factor (D) from Table
1 of this appendix.

4.1.4 Pilot fraction. Calculate the pilot
fraction (Pg) expressed as a decimal and de-
fined as:

Pr= Qp/Qin
where:

Qp= as defined in 3.5 of this appendix
Qin= as defined in 3.1 of this appendix at the
maximum fuel input rate

4.1.5 Jacket loss for floor furnaces. Deter-
mine the jacket loss (L;) expressed as a per-
cent and measured in accordance with sec-
tion 3.2 of this appendix. For other vented
heaters L;=0.0.

4.1.6 Latent heat loss. Based on the fuel,
obtain the latent heat loss (L. ) from Table
2 of this appendix.

4.1.7 Ratio of combustion air mass flow rate
to stoichiometric air mass flow rate. Determine
the ratio of combustion air mass flow rate to
stoichiometric air mass flow rate (Rrr), and
defined as:

Rt r=A+B/Xcozr
where:
A=as determined from Table 2 of this appen-

dix
B=as determined from Table 2 of this appen-

dix
Xcozr=as defined in 3.1 of this appendix

4.1.8 Ratio of combustion and relief air mass
flow rate to stoichiometric air mass flow rate.
For vented heaters equipped with either an
integral draft diverter or a drafthood, deter-
mine the ratio of combustion and relief air
mass flow rate to stoichiometric air mass
flow rate (Rrs), and defined as:

Rt s=A+[B/Xcozs]
where:
A=as determined from Table 2 of this appen-

dix
B=as determined from Table 2 of this appen-

dix
Xcozs=as defined in 3.1 of this appendix

4.1.9 Sensible heat loss at steady-state oper-
ation. For vented heaters equipped with ei-
ther an integral draft diverter or a draft
hood, determine the sensible heat loss at
steady-state operation (Lsss ) expressed as a
percent and defined as:

where:
Ls,ss.a=C(Rr,s+D)(Ts.ss— Tra)
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C=as determined from Table 2 of this appen-
dix

Rt s=as defined in 4.1.8 of this appendix

D=as determined from Table 2 of this appen-
dix

Tsss=as defined in 3.1 of this appendix

Tra=as defined in 2.9 of this appendix

For vented heaters equipped without an in-
tegral draft diverter, determine (Lsssa) €X-
pressed as a percent and defined as:

Lsss.a=C(Rrr+D)(Trss— Tra)

where:

C=as determined from Table 2 of this appen-
dix

Rrr=as defined in 4.1.7 of this appendix

D=as determined from Table 2 of this appen-
dix

Trss=as defined in 3.1 of this appendix

Tra=as defined in 2.9 of this appendix

4.1.10 Steady-state efficiency. For vented
heaters equipped with single stage thermo-
stats, calculate the steady-state efficiency
(excluding jacket loss, nss, expressed in per-
cent and defined as:

Nss=100— L a—Lsssa
where:

L. a=as defined in 4.1.6 of this appendix
Lsss.a=as defined in 4.1.9 of this appendix

Mss-mop = [T’SS—H ~Mss-L

where:

nss-u=as defined in 4.1.10 of this appendix

nss-.=as defined in 4.1.10 of this appendix

Toax=average outdoor temperature for vent-
ed heaters with step-modulating thermo-
stats operating in the modulating mode
and is obtained from Table 3 or Figure 1 of
this appendix

Tc=balance point temperature which rep-
resents a temperature used to apportion
the annual heating load between the re-
duced input cycling mode and either the
modulating mode or maximum input cy-
cling mode and is obtained either from
Table 3 of this appendix or calculated by
the following equation:

Tc=65—-[(65—-15)R]
where:

65=average outdoor temperature at which a
vented heater starts operating

15=national average outdoor design tempera-
ture for vented heaters

R=ratio of reduced to maximum heat output
rates, as defined in 4.1.13 of this appendix
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For vented heaters equipped with either
two stage thermostats or with step-modu-
lating thermostats, calculate the steady-
state efficiency at the reduced fuel input
rate, nss, L, expressed in percent and defined
as:

Nss1.=100— L a—Lsssa

where:

L. a=as defined in 4.1.6 of this appendix
Lsss.a=as defined in 4.1.9 of this appendix in

which Lgsssa is determined at the reduced
fuel input rate

For vented heaters equipped with two
stage thermostats, calculate the steady-
state efficiency at the maximum fuel input
rate,

Nss-u, €xpressed in percent and defined as:

Nss-n=100— L a—Lsssa

where:

L. a=as defined in 4.1.6 of this appendix
Lsss.a=as defined in 4.1.9 of this appendix in

which Lsssa is measured at the maximum
fuel input rate

For vented heaters equipped with step-
modulating thermostats, calculate the
weighted-average steady-state efficiency in
the modulating mode, nss-mop, expressed in
percent and defined as:

] Te ~Toax

+1gs
TC—15 SS-L

4.1.11 Reduced heat output rate. For vented
heaters equipped with either two stage ther-
mostats or step-modulating thermostats,
calculate the reduced heat output rate
(Qred-owr) defined as:

Qred-out=Nss-L Qred-in

where:

nss-.=as defined in 4.1.10 of this appendix
Qrea-in=the reduced fuel input rate

4.1.12 Maximum heat output rate. For vent-
ed heaters equipped with either two stage
thermostats or step-modulating thermostas,
calculate the maximum heat output rate
(Qmax-ou) defined as:

Qmax.ou=Nss i Qmax.in
where:

nss-u=as defined in 4.1.10 of this appendix
Qmax-in=the maximum fuel input rate

4.1.13 Ratio of reduced to maximum heat out-
put rates. For vented heaters equipped with
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either two stage thermostats or step-modu-
lating thermostats, calculate the ratio of re-
duced to maximum heat output rates (R) ex-
pressed as a decimal and defined as:

R=Qred-ou/Qmax-out
where:

Qrea-ou=as defined in 4.1.11 of this appendix
Qmax-our=as defined in 4.1.12 of this appendix

4.1.14 Fraction of heating load at reduced
operating mode. For vented heaters equipped
with either two stage thermostats or step-
modulating thermostats, determine the frac-
tion of heating load at the reduced operating
mode (X;) expressed as a decimal and listed
in Table 3 of this appendix or obtained from
Figure 2 of this appendix.

4.1.15 Fraction of heating load at maximum
operating mode or noncycling mode. For vented
heaters equFipped with either two stage
thermostats or step-modulating therostats,
determine the fraction of heating load at the
maximum operating mode or noncycling
mode (X,) expressed as a decimal and listed
in Table 3 of this appendix or obtained from
Figure 2 of this appendix.

4.1.16 Weighted-average steady-state effi-
ciency. For vented heaters equipped with sin-
gle stage thermostats, the weighted-average
steady-state efficiency (nss-wr) is equal to
Nnss, as defined in section 4.1.10 of this appen-
dix. For vented heaters equipped with two
stage thermostats, nss_wr is defined as:

Nss-wr=XMss-L+XoNss-H
where:

X,=as defined in 4.1.14 of this appendix
Nss-r.=as defined in 4.1.10 of this appendix
X,=as defined in 4.1.15 of this appendix
nss-u=as defined in 4.1.10 of this appendix

For vented heaters equipped with step-
modulating thermostats, nss-wr is defined as:

Nss-wr=XMss-L+XaNss-MoD
where:

X,=as defined in 4.1.14 of this appendix
nss-.=as defined in 4.1.10 of this appendix
X,=as defined in 4.1.15 of this appendix
nss-mop=as defined in 4.1.10 of this appendix

4.1.17 Annual fuel utilization efficiency. Cal-
culate the annual fuel utilization efficiency
(AFUE) expressed as percent and defined as:

AFUE=[0.968nss_
wi] — 1.78Dg— 1.89Ds — 129Py— 2.8 L,+1.81

where:

nss-wr=as defined in 4.1.16 of this appendix
Dr=as defined in 4.1.2 of this appendix
Ds=as defined in 4.1.3 of this appendix
Pr=as defined in 4.1.4 of this appendix
L,=as defined in 4.1.5 of this appendix

4.2 Annual fuel utilization efficiency for gas
or oil fueled vented home heating equipment
equipped with manual controls. The following
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procedure determines the annual fuel utiliza-
tion efficiency for gas or oil fueled vented
home heating equipment equipped with man-
ual controls.

4.2.1 Average ratio of stack gas mass flow
rate to flue gas mass flow rate at steady-state
operation. For vented heaters equipped with
either direct vents or direct exhaust or are
outdoor units, the average ratio of stack gas
mass flow rate to flue gas mass flow rate at
steady-state operation (S/F) shall be equal to
unity. (S/F=1.) For all other types of vented
heaters, calculate (S/F) defined as:

S/IF=1.3Rrs/Rrr

where:

Rrs=as defined in 4.1.8 of this appendix with
Xcozs measured at 50% fuel input rate

Rrr=as defined in 4.1.7 of this appendix with
Xcoor measured at 50% fuel input rate

4.2.2 Multiplication factor for infiltration
loss during burner on-cycle. Calculate the mul-
tiplication factor for infiltration loss during
burner on-cycle (Kion) defined as:

K1,0n=100(0.24) (S/F) (0.7) [1+Rrr(A/F)J/HHV 5
where:

100=converts a decimal fraction into a per-
cent

0.24=specific heat of air

A/F=stoichiometric air/fuel ratio, deter-
mined in accordance with Table 2 of this
appendix

S/F=as defined in 4.2.1 of this appendix at 50
percent of rated maximum fuel input

0.7=infiltration parameter

Rrr=as defined in 4.1.7 of this appendix

HHV =average higher heating value of the
test fuel, determined in accordance with
Table 2 of this appendix

4.2.3 On-cycle infiltration heat loss. Cal-
culate the on-cycle infiltration heat loss
(Lion) expressed as a percent and defined as:

Lion=Kion (70-45)
where:

Kion=as defined in 4.2.2 of this appendix
70=average indoor temperature
45=average outdoor temperature

4.2.4 Weighted-average effi-
ciency.

4.2.4.1 For manually controlled heaters
with various input rates the weighted aver-
age steady-state efficiency (nss—wr), is deter-
mined as follows:

(1) at 50 percent of the maximum fuel input
rate as measured in either section 3.1.1 of
this appendix for manually controlled gas
vented heaters or section 3.1.2 of this appen-
dix for manually controlled oil vented heat-
ers, or

(2) at the minimum fuel input rate as
measured in either section 3.1.1 to this ap-
pendix for manually controlled gas vented
heaters or section 3.1.2 to this appendix for

steady-state
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manually controlled oil vented heaters if the
design of the heater is such that the + 5 per-
cent of 50 percent of the maximum fuel input
rate cannot be set, provided this minimum
rate is no greater than % of maximum input
rate of the heater.

4.2.4.2 For manually controlled heater
with one single firing rate the weighted aver-
age steady-state efficiency is the steady-
state efficiency measured at the single firing
rate.

4.2.5 Part-load fuel utilization efficiency.
Calculate the part-load fuel utilization effi-
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ciency (n.) expressed as a percent and defined
as:

Nu=NMss-wr— Lion

where:

nss-wr=as defined in 4.2.4 of this appendix
Lion=as defined in 4.2.3 of this appendix

4.2.6 Annual Fuel Utilization Efficiency.

4.2.6.1 For manually controlled vented
heaters, calculate the AFUE expressed as a
percent and defined as:

2’950 TISS nu Qin—max

AFUE =

2,950 Ngg Qi max +2-083(4,600)7, Qp

where:

2,950=average number of heating degree days

nss=as defined as nss_wr in 4.2.4 of this ap-
pendix

n.=as defined in 4.2.5 of this appendix

Qin—max=as defined as Q;, at the maximum
fuel input rate, as defined in 3.1 of this ap-
pendix

4,600=average number of non-heating season
hours per year

Qp=as defined in 3.5 of this appendix

2.083=(65-15)/24=50/24

65=degree day base temperature, °F

15=national average outdoor design tempera-
ture for vented heaters as defined in sec-
tion 4.1.10 of this appendix

24=number of hours in a day

4.2.6.2 For manually controlled vented
heaters where the pilot light can be turned
off by the user when the heater is not in use
as described in section 3.5.2, calculate the
AFUE expressed as a percent and defined as:

AFUE=n,

where:

n.=as defined in section 4.2.5 of this appendix
4.3 Annual fuel utilization efficiency by the

tracer gas method. The annual fuel utilization

efficiency shall be determined by the fol-

lowing tracer gas method for all vented heat-

ers equipped with thermal stack dampers.
All other types of vented heaters can elect to

Lsssazavg = [LS,SS,A—max

- LS,SS,A—red ]

use the following tracer gas method, as an
optional procedure.

4.3.1 On-cycle sensible heat loss. For vented
heaters equipped with single stage thermo-
stats, calculate the on-cycle sensible heat
loss (Lson) expressed as a percent and de-
fined as:

Lson=Lsssa
where:
Lsss.a=as defined in 4.1.9 of this appendix

For vented heaters equipped with two
stage thermostats, calculate Ls o~ defined as:
LS,ON:XI LS.SS.A‘red+x2 LS,SS,A‘max
where:

X,=as defined in 4.1.14 of this appendix
Lsss.a-rea=as defined as Lsssa in 4.1.9 of this
appendix at the reduced fuel input rate
X,=as defined in 4.1.15 of this appendix
Ls.ss.amax=as defined as Lsssa in 4.1.9 of this
appendix at the maximum fuel input rate

For vented heaters with step-modulating
thermostats, calculate Lson defined as:

Ls,on=Xi Lsss areat X2 Lsss a-ave

where:

X=-as defined in 4.1.14 of this appendix

Lisss.area=as defined in 4.3.1 of this appendix

X,=as defined in 4.1.15 of this appendix

Ls ss.a-ave=average sensible heat loss for step-
modulating vented heaters operating in
the modulating mode

Tc _TOA*
TC-15

+Lg 55, A-red
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where:

Ls.ss.a-ave=as defined in 4.3.1 of this appendix
Tc=as defined in 4.1.10 of this appendix
Toa+=as defined in 4.1.10 of this appendix
15=as defined in 4.1.10 of this appendix

4.3.2 On-cycle infiltration heat loss. For vent-
ed heaters equipped with single stage ther-
mostats, calculate the on-cycle infiltration
heat loss (Lion) expressed as a percent and
defined as:

LI,ON: Kl,ON (70—45)

where:

Kion=as defined in 4.2.2 of this appendix
70=as defined in 4.2.3 of this appendix
45=as defined in 4.2.3 of this appendix

For vented heaters equipped with two
stage thermostats, calculate L;on defined as:
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Lion=Xi KI.ONfMax(7O_TOA*)+X2KI.ON,red(70_TOA)
where:

X,=as defined in 4.1.14 of this appendix

K1, on-max=as defined as Kion in 4.2.2 of this ap-
pendix at the maximum heat input rate

70=as defined in 4.2.3 of this appendix

Toax=as defined in 4.3.4 of this appendix

Kionea=as defined as Kjon in 4.2.2 of this ap-
pendix at the minimum heat input rate

Toa=as defined in 4.3.4 of this appendix

X,=as defined in 4.1.15 of this appendix

For vented heaters equipped with step-
modulating thermostats, calculate L;on de-
fined as:

LI,ON:XI KI,ON—avg(70_TOA*)+X2 KLONrred(70—T0A)
where:
X,=as defined in 4.1.14 of this appendix

KI,nn,max + KI,ON,red ]

KI,on,avg =

70=as defined in 4.2.3 of this appendix
Toax=as defined in 4.3.4 of this appendix
X,=as defined in 4.1.15 of this appendix
Toa=as defined in 4.3.4 of this appendix

4.3.3 Off-cycle sensible heat loss. For vented
heaters equipped with single stage thermo-
stats, calculate the off-cycle sensible heat
loss (Ls,orr) at the maximum fuel input rate.
For vented heaters equipped with step-modu-
lating thermostats, calculate Lgsorr defined
as:

LS,OFF:X 1 LS,OFF,rcd

where:
X,=as defined in 4.1.14 of this appendix

100(0.24
. Qinton

S,OFF —

where:

100=conversion factor for percent

0.24=specific heat of air in Btu per pound —°F

Qin=fuel input rate, as defined in 3.1 of this
appendix in Btu per minute (as appropriate
for the firing rate)

ton=average burner on-time per cycle and is
20 minutes

2 ms,orr(Ts.orr— Tra)=summation of the twen-
ty values of the quantity,

2

Ls orrrea=as defined as Lsorr in 4.3.3 of this
appendix at the reduced fuel input rate

For vented heaters equipped with two
stage thermostats, calculate Lgsorr defined
as:

LS,OFF:XI LS.OFF,red+X2 LS.OFF,Max

where:

X,=as defined in 4.1.14 of this appendix

Lsorrrea=as defined as Lsorr in 4.3.3 of this
appendix at the reduced fuel input rate

X,=as defined in 4.1.15 of this appendix

Lsorrmax=as defined as Lsorr in 4.3.3 of this
appendix at the maximum fuel input rate

Calculate the off-cycle sensible heat loss
(Ls.orr) expressed as a percent and defined as:

) 2 Mg opp (TS,OFF —Tra )

ms.orr(Ts.orr— Tra), Measured in accordance
with 3.3 of this appendix

msorr=stack gas mass flow rate pounds per
minute

1.325P, V. (100-Cy)
C(Ty +460)

Tsorr=stack gas temperature measured in
accordance with 3.3 of this appendix

Mg opr =
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Tra=average room temperature measured in
accordance with 3.3 of this appendix

Pg=barometric pressure in inches of mercury

Vr=flow rate of the tracer gas through the
stack in cubic feet per minute

Cr«=concentration by volume of the active
tracer gas in the mixture in percent and is
100 when the tracer gas is a single compo-
nent gas

Cr=concentration by volume of the active
tracer gas in the diluted stack gas in per-
cent

Tr=temperature of the tracer gas entering
the flow meter in degrees Fahrenheit

(Tr+460)=absolute temperature of the tracer
gas entering the flow meter in degrees
Rankine

4.3.4 Average outdoor temperature. For
vented heaters equipped with single stage
thermostats, the average outdoor tempera-
ture (Toa) is 45 °F. For vented heaters
equipped with either two stage thermostats
or step-modulating thermostats, Toa during
the reduced operating mode is obtained from
Table 3 or Figure 1 of this appendix. For
vented heaters equipped with two stage ther-
mostats, Toa* during the maximum oper-
ating mode is obtained from Table 3 or Fig-
ure 1 of this appendix.

100(0.24)(1.3)(0.7)(70 - Ty, )

10 CFR Ch. Il (1-1-05 Edition)

4.3.5 Off-cycle infiltration heat loss. For vent-
ed heaters equipped with single stage ther-
mostats, calculate the off-cycle infiltra-
tion heat loss (Liorr) at the maximum fuel
input rate. For vented heaters equipped
with step-modulating thermostats, cal-
culate L, orr defined as:

Liorr=Xi L10FF red

where:

X,=as defined in 4.1.14 of this appendix
L1orFrea=as defined in Liorr in 4.3.3 of this ap-
pendix at the reduced fuel input rate

For vented heaters equipped with two
stage thermostats, calculate L,;orr defined
as:

LI,OFszl LI.OFF.red+ x2 LI.OFFJImX

where:

X;=as defined in 4.1.14 of this appendix

L1orrrea=as defined as Liorr in 4.3.3 of this ap-
pendix at the reduced fuel input rate

X,=as defined in 4.1.15 of this appendix

LiorrMax=as defined as Ljopr in 4.3.3 of this
appendix at the maximum fuel input rate

Calculate the off-cycle infiltration heat
loss (Liorr) expressed as a percent and de-
fined as:

LLOFF —

ZmS,OFF

Qinton

where:

100=conversion factor for percent

0.24=specific heat of air in Btu per pound —°F

1.3=dimensionless factor for converting lab-
oratory measured stack flow to typical
field conditions

0.7=infiltration parameter

70=assumed average indoor air temperature,
°F

Toa=average outdoor temperature as defined
in 4.3.4 of this appendix

t

on

N, =100-L; 4 -C,L;

where:

C;=2.8, adjustment factor

L;=jacket loss as defined in 4.1.5

L. a=as defined in 4.1.6 of this appendix
ton=as defined in 4.3.3 of this appendix

ton +PFt0ff

Qin=Ffuel input rate, as defined in 3.1 of this
appendix in Btu per minute (as appropriate
for the firing rate)

ton=average burner on-time per cycle and is
20 minutes

X msorr=summation of the twenty values of
the quantity, msorr, measured in accord-
ance with 3.3 of this appendix

ms orr=as defined in 4.3.3 of this appendix

4.3.6 Part-load fuel utilization efficiency.
Calculate the part-load fuel utilization effi-
ciency (n. ) expressed as a percent and de-
fined as:

+[Ls,on +Ls,OFF + Ll,on + Ls,OFF]

Ls.on=as defined in 4.3.1 of this appendix
Ls.orr=as defined in 4.3.3 of this appendix
Lion=as defined in 4.3.2 of this appendix

Liorr=as defined in 4.1.4 of this appendix
Pr=as defined in 4.1.4 of this appendix
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torr=average burner off-time per cycle and is
20 minutes

4.3.7 Annual Fuel Utilization Efficiency.

Pt. 430, Subpt. B, App. O

Calculate the AFUE expressed as a percent
and defined as:

2,950 Nss—wt My Qin—max

AFUE =

2,950 Ngs wr Qun_mma +2-083(4,600)77, Q,

where:

2,950=average number of heating degree days
nss-wr=as defined in 4.1.16 of this appendix
n.=as defined in 4.3.6 of this appendix
Qin—max=as defined in 4.2.6 of this appendix
4,600=as specified in 4.2.6 of this appendix
Qp=as defined in 3.5 of this appendix

2.083=as specified in 4.2.6 of this appendix

4.4 Stack damper effectiveness for vented
heaters equipped with electro-mechanical stack
dampers. Determine the stack damper effec-
tiveness for vented heaters equipped with
electro-mechanical stack dampers (D,), de-
fined as:

D,=1.62 [1—Ap cos Q/As]

where:

Ap=as defined in 3.4 of this appendix
Q=as defined in 3.4 of this appendix
As=as defined in 3.4 of this appendix

TF,SS B TRA

4.5 Addition requirements for vented home
heating equipment using indoor air for combus-
tion and draft control. For vented home heat-
ing equipment using indoor air for combus-
tion and draft control, Dg, as described in
section 4.1.2 of this appendix, and Ds, as de-
scribed in section 4.1.3 of this appendix, shall
be determined from Table 1 of this appendix.

4.5.1 Optional procedure for determining Dp
for vented home heating equipment. Calculate
the ratio (Dp) of the rate of flue gas mass
through the vented heater during the off-pe-
riod, Mg orr(Trss), to the rate of flue gas mass
flow during the on-period, Mgss(Tess), and
defined as:

Dp=ME.orr(TE.ss)/MEss(TEss)

For vented heaters in which no draft is
maintained during the steady-state or cool
down tests, Mg orr(TE;ss) is defined as:

0.56 19

L.
T o +460

Mk oFe (TF,SS ) = ME opr (T *F.OFF )

For oil fueled vented heaters in which an
imposed draft is maintained, as described in
section 3.6 of this appendiX, Mgorr(TEss) IS
defined as:

ME.orr(TE ss)=ME orr(T*E s5)

where:

Trss=as defined in 3.1.1 of this appendix
T*rorr=flue gas temperature during the off-
period measured in accordance with 3.6 of
this appendix in degrees Fahrenheit
Tra=as defined in 2.9 of this appendix

1.325P; V. (100-Cy.)
Cr(Ty +460)

ps=barometric pressure measured in accord-
ance with 3.6 of this appendix in inches of
mercury

Vr=flow rate of tracer gas through the vent-
ed heater measured in accordance with 3.6
of this appendix in cubic feet per minute

Mk opr (TF,OFF )

% —
T F,OFF TRA

Tg g5 +460

Cr=concentration by volume of tracer gas
present in the flue gas sample measured in
accordance with 3.6 of this appendix in per-
cent

Cr*=concentration by volume of the active
tracer gas in the mixture in percent and is
100 when the tracer gas is a single compo-
nent gas

Tr=the temperature of the tracer gas enter-
ing the flow meter measured in accordance
with 3.6 of this appendix in degrees Fahr-
enheit

(Tr+460)=absolute temperature of the tracer
gas entering the flow meter in degrees
Rankine

Me ss(TE,ss)=Qin[Rr,r(A/F)+1]/[60HHV ]

Qin=as defined in 3.1 of this appendix

Rrr=as defined in 4.1.7 of this appendix

A/F=as defined in 4.2.2 of this appendix

HHV s=as defined in 4.2.2 of this appendix

4.5.2 Optional procedure for determining off-
cycle draft factor for flue gas flow for vented
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heaters. For systems numbered 1 thru 10, cal-
culate the off-cycle draft factor for flue gas
flow (Dg) defined as:

DFZDP
For systems numbered 11 or 12: Dg=Dp Do
where:

D,=as defined in 4.5.1. of this appendix
Do=as defined in 4.4 of this appendix

4.5.3 Optional procedure for determining off-
cycle draft factor for stack gas flow for vented
heaters. Calculate the off-cycle draft factor
for stack gas flow (Ds) defined as:

For systems numbered 1 or 2: Ds=1.0

For systems numbered 3 or 4: Ds=(Dp+0.79)/1.4

For systems numbered 5 or 6: Ds=Do

For systems numbered 7 or 8 and if Do(S/
F)<1:Ds=Do Dp

For systems numbered 7 or 8 and if Do(S/
F)>1:

Ds=Do Dp+[0.85— Do Dp] [Do(S/F)—1]/[S/IF—-1]
where:

Dp=as defined in 4.5.1 of this appendix
Do=as defined in 4.4 of this appendix

4.6 Annual energy consumption.

4.6.1 National average number of burner op-
erating hours. For vented heaters equipped
with single stage controls or manual con-
trols, the national average number of burner
operating hours (BOH) is defined as:

BOHss=1,416ArA DHR —1,416 B

where:

1,416=national average heating load hours for
vented heaters based on 2,950 degree days
and 15 °F outdoor design temperature

Ar=0.7067, adjustment factor to adjust the
calculated design heating requirement and
heating load hours to the actual heating
load experienced by the heating system

DHR=typical design heating requirements
based on Qour, from Table 4 of this appen-
dix.

Qour=[(Nss/100) - C; (L/100)] Qi

L;=jacket loss as defined in 4.1.5 of this ap-
pendix

C;=2.8, adjustment factor as defined in 4.3.6 of
this appendix

nss=steady-state efficiency as defined in
4.1.10 of this appendix, percent

Qin=as defined in 3.1 of this appendix at the
maximum fuel input rate

A=100,000/[341,300P+(Qin — Qp)Mu]

B=2.938(Qr) M A/100,000

100,000=factor that accounts for percent and
kBtu

Pgr=as defined in 3.1.3 of this appendix

Qp=as defined in 3.5 of this appendix

n.=as defined in 4.3.6 of this appendix for
vented heaters using the tracer gas meth-
od, percent
=as defined in 4.2.5 of this appendix for

manually controlled vented heaters, per-
cent

10 CFR Ch. Il (1-1-05 Edition)

=2,950 AFUET[SS Qm/[2,950 TMss Qin—
AFUE(2.083)(4,600)Qp], for vented heaters
equipped without manual controls and
without thermal stack dampers and not
using the optional tracer gas method,
where:
AFUE=as defined in 4.1.17 of this appendix,
percent
2,950=average number of heating degree days
as defined in 4.2.6 of this appendix
4,600=average number of non-heating season
hours per year as defined in 4.2.6 of this ap-
pendix
2.938=(4,160/1,416)=ratio of the average length
of the heating season in hours to the aver-
age heating load hours
2.083=as specified in 4.2.6 of this appendix

4.6.1.1 For vented heaters equipped with
two stage or step modulating controls the
national average number of burner operating
hours at the reduced operating mode is de-
fined as:

BOHR=X,Em/Qred-in
where:

X,=as defined in 4.1.14 of this appendix
Qrea-in=as defined in 4.1.11 of this appendix
Em=average annual energy used during the
heating season
=(Qin— Qp)BOHgs+(8,760 — 4,600)Qp
Qi,=as defined in 3.1 of this appendix at the
maximum fuel input rate
Qp=as defined in 3.5 of this appendix
BOHss=as defined in 4.6.1 of this appendix, in
which the term Pg in the factor A is in-
creased by the factor R, which is defined in
3.1.3 of this appendix as:
R=1.3 for two stage controls
=1.4 for step modulating controls when the
ratio of minimum-to-maximum fuel
input is greater than or equal to 0.7
=1.7 for step modulating controls when the
ratio of minimum-to-maximum fuel
input is less than 0.7 and greater than or
equal to 0.5
=2.2 for step modulating controls when the
ratio of minimum-to-maximum fuel
input is less than 0.5
A=100,000/[341,300 PE R+(Qin—Qp)Nu]
8,760=total number of hours per year
4,600=as specified in 4.2.6 of this appendix

4.6.1.2 For vented heaters equipped with
two stage or step modulating controls the
national average number of burner operating
hours at the maximum operating mode
(BOHpy) is defined as:
BOHu=X2Em/Qin
where:
X,=as defined in 4.1.15 of this appendix
Em=average annual energy used during the
heating season
=(Qin—Qpr)BOHss+(8,760 — 4,600)Qp
Qi,=as defined in 3.1 of this appendix at the
maximum fuel input rate
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4.6.2 Average annual fuel energy for gas or
oil fueled vented heaters. For vented heaters
equipped with single stage controls or man-
ual controls, the average annual fuel energy
consumption (Eg) is expressed in Btu per
year and defined as:

Er=BOHss (Qin—Qp)+8,760 Qp

where:

BOHss=as defined in 4.6.1 of this appendix
Qin=as defined in 3.1 of this appendix

Qp=as defined in 3.5 of this appendix
8,760=as specified in 4.6.1 of this appendix

4.6.2.1 For vented heaters equipped with
either two stage or step modulating controls
Er is defined as:

Er=Em+4,600Qp
where:
Ewm=as defined in 4.6.1.2 of this appendix
4,600=as specified 4.2.6 of this appendix
Qp=as defined in 3.5 of this appendix

4.6.3 Average annual auxiliary electrical en-
ergy consumption for vented heaters. For vent-
ed heaters with single stage controls or man-
ual controls the average annual auxiliary
electrical consumption (Eag) is expressed in
kilowatt-hours and defined as:
EAﬁzBoHssPE
where:
BOHgs=as defined in 4.6.1 of this appendix
Pg=as defined in 3.1.3 of this appendix

4.6.3.1 For vented heaters equipped with

two stage or modulating controls Eg is de-
fined as:

EAr=(BOHRr+BOHy)PE
where:

BOHgr=as defined in 4.6.1 of this appendix
BOHyu=as defined in 4.6.1 of this appendix
Pr=as defined in 3.1.3 of this appendix

Pt. 430, Subpt. B, App. O

4.6.4 Average annual energy consumption for
vented heaters located in a different geographic
region of the United States and in buildings
with different design heating requirements.

4.6.4.1 Average annual fuel energy consump-
tion for gas or oil fueled vented home heaters lo-
cated in a different geographic region of the
United States and in buildings with different
design heating requirements. For gas or oil
fueled vented heaters the average annual
fuel energy consumption for a specific geo-
graphic region and a specific typical design
heating requirement (Egr) is expressed in Btu
per year and defined as:

Err=(Er—8,760 Qp)(HLH/1,416)+8,760Qp
where:

Er=as defined in 4.6.2 of this appendix

8,760=as specified in 4.6.1 of this appendix

Qp=as defined in 3.5 of this appendix

HLH=heating load hours for a specific geo-
graphic region determined from the heat-
ing load hour map in Figure 3 of this ap-
pendix

1,416=as specified in 4.6.1 of this appendix

4.6.4.2 Average annual auxiliary electrical
energy consumption for gas or oil fueled vented
home heaters located in a different geographic
region of the United States and in buildings
with different design heating requirements. For
gas or oil fueled vented home heaters the av-
erage annual auxiliary electrical energy con-
sumption for a specific geographic region
and a specific typical design heating require-
ment (Eagr) is expressed in Kilowatt-hours
and defined as:

Eaer=Ear HLH/1,416

where:

Eae=as defined in 4.6.3 of this appendix
HLH=as defined in 4.6.4.1 of this appendix
1,416=as specified in 4.6.1 of this appendix

TABLE 1—OFF-CYCLE DRAFT FACTORS FOR FLUE GAS FLOW (Dg) AND FOR STACK GAS FLOW (Ds)
FOR VENTED HOME HEATING EQUIPMENT EQUIPPED WITHOUT THERMAL STACK DAMPERS

System number | (Dg) (Ds) Burner type Venting system type !
1. 1.0 1.0 | Atmospheric Draft hood or diverter.
2. 0.4 1.0 | Power Draft hood or diverter.
3. 1.0 1.0 | Atmospheric Barometric draft regulator.
4 0.4 0.85 | Power ..... Barometric draft regulator.
5 1.0 D, | Atmospheric Draft hood or diverter with damper.
6 0.4 D, | Power .. Draft hood or diverter with damper.
7 1.0 D, | Atmospheric Barometric draft regulator with damper.
8 0.4 D, D, | Power ..... Barometric draft regulator with damper.
1.0 | o Atmospheric Direct vent.
0.4 Power Direct vent.
D, Atmospheric Direct vent with damper.
0.4 D, Power Direct vent with damper.

1Venting systems listed with dampers means electro-mechanical dampers only.
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TABLE 2—VALUES OF HIGHER HEATING VALUE (HHV(4), STOICHIOMETRIC AIR/FUEL (A/F), LATENT
HEAT LOSS (Li.a) AND FUEL-SPECIFIED PARAMETERS (A, B, C, AND D) FOR TYPICAL FUELS

Fuels (EE\/’lg) AF Lia A B c D
No. 1 oil 19,800 | 1456 | 655| 00679 | 1422| 0.0179| 0.167
No. 2 oil 19500 | 14.49| 650| 00667 | 14.34| 0.0181| 0.167
Natural gas ........... 20120 | 14.45| 955| 00919 | 10.96| 0.0175| 0.171
Manufactured gas .. 18500 | 11.81| 10.14| 00965| 10.10| 0.0155| 0.235
Propane 21500 | 1558 | 7.99| 0.0841| 12.60| 00177 | 0.151
Butane 20,000 | 1536| 7.79| 00808 | 12.93| 0.0180| 0.143

TABLE 3—FRACTION OF HEATING LOAD AT RE-
DUCED OPERATING MODE (X1) AND AT MAX-
IMUM OPERATING MODE (X2), AVERAGE OUT-
DOOR TEMPERATURES (TOA AND TOA*), AND
BALANCE POINT TEMPERATURE (TC) FOR
VENTED HEATERS EQUIPPED WITH EITHER
TWO-STAGE THERMOSTATS OR STEP-MODU-
LATING THERMOSTATS

Heat output ratio2 X1 X2 | TOA | TOA* | TC
0.20t0 0.24 ... A2 .88 57 40 53
0.2510 0.29 ... .16 .84 56 39 51
0.30t0 0.34 ... .20 .80 54 38 49
0.35t0 0.39 ... .30 .70 53 36 46
0.40t0 0.44 ... .36 .64 52 35 44
0.45t00.49 ... 43 .57 51 34 42
0.50 to 0.54 ... .52 .48 50 32 39
0.5510 0.59 ... .60 .40 49 30 37
0.60 to 0.64 ... .70 .30 48 29 34
0.65t0 0.69 ... .76 .24 47 27 32
0.70t0 0.74 ... .84 .16 46 25 29
0.751t0 0.79 ... .88 12 46 22 27
0.80t0 0.84 ... .94 .06 45 20 23
0.85t0 0.89 ... .96 .04 45 18 21
0.90t0 0.94 ... .98 .02 44 16 19
0.95100.99 ... .99 .01 44 13 17

aThe heat output ratio means the ratio of minimum to max-
imum heat output rates as defined in 4.1.13.

TABLE 4—AVERAGE DESIGN HEATING REQUIRE-
MENTS FOR VENTED HEATERS WITH DIF-
FERENT OUTPUT CAPACITIES

Average de-

sign heating
Vented heaters output capacity Qo.—(Btu/hr) require-

ments
(kBtu/hr)

5,000-7,499 5.0
7,500-10,499 75
10,500-13,499 10.0
13,500-16,499 125
16,500-19,499 15.0
19,500-22,499 17.5
22,500-26,499 20.5
26,500-30,499 235
30,500-34,499 26.5
34,500-38,499 30.0
38,500-42,499 335
42,500-46,499 36.5
46,500-51,499 40.0
51,500-56,499 44.0
56,500-61,499 48.0
61,500-66,499 52.0
66,500-71,499 56.0
71,500-76,500 60.0
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FIGURE 1

Average Outdoor Air Temperature vs. Balance Point Temperature for
Modulating Vented Heaters
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FIGURE 2
Fraction of Total Annual Heating Load Applicabie to Reduced Operating
Mode (X,) and to Maximum Operating Mode or Moduiating Mode (X;) vs.
Balance Point Temperature for Modulating Vented Heaters
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APPENDIX P TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF PooL HEATERS

1. Test method. The test method for testing
pool heaters is as specified in American Na-
tional Standards Institute Standard for Gas-
Fired Pool Heaters, Z21.56-1994.

2. Test conditions. Establish the test condi-
tions specified in section 2.9 of ANSI Z21.56-
1994.

3. Measurements. Measure the quantities de-
lineated in section 2.9 of ANSI Z21.56-1994.
The measurement of energy consumption for
oil-fired pool heaters in Btu is to be carried
out in appropriate units, e.g., gallons.

4. Calculations

4.1 Thermal efficiency. Calculate the ther-
mal efficiency, E, (expressed as a percent), as
specified in section 2.9 of ANSI Z21.56-1994.
The expression of fuel consumption for oil-
fired pool heaters shall be in Btu.

4.2 Average annual fossil fuel energy for
pool heaters. The average annual fuel energy
for pool heater, Egp, is defined as:

Er=BOH Q+(POH—BOH)Qp
where:
BOH=average number of burner operating

hours=104 h
POH=average number

hours=4464 h
Qin=rated fuel energy input as defined ac-

cording to 2.9.1 or 2.9.2 of ANSI Z21.56-1994,

as appropriate
Qp=energy consumption of continuously op-
erating pilot light if employed, in Btu/h.

of pool operating

4.3 Average annual auxiliary electrical en-
ergy consumption for pool heaters. The average
annual auxiliary electrical energy consump-
tion for pool heaters, Eag, is expressed in Btu
and defined as:

EAe=BOH PE

where:

PE=2E. if heater tested according to 2.9.1 of
ANSI Z21.56-1994
=3.412 PE,.a if heater tested according to

2.9.2 of ANSI Z21.56-1994, in Btu/h

E.=Electrical consumption of the heater
(converted to equivalent unit of Btu), in-
cluding the electrical energy to the recir-
culating pump if used, during the 30-
minute thermal efficiency test, as defined
in 2.9.1 of ANSI Z21.56-1994, in Btu per 30
min.

2=Conversion factor to convert unit from per
30 min. to per h.

PE...a=nameplate rating of auxiliary elec-
trical equipment of heater, in Watts

BOH=as defined in 4.2 of this appendix

4.4 Heating seasonal efficiency.
4.4.1 Calculate the seasonal useful output
of the pool heater as:

10 CFR Ch. Il (1-1-05 Edition)

Eour=BOH [(E[/].OO)(QIN+PE)]
where:

BOH=as defined in 4.2 of this appendix
E=thermal efficiency as defined in 4.1 of this
appendix
Qv=as defined in 4.2 of this appendix
PE=as defined in 4.3 of this appendix
100=conversion factor, from percent to frac-
tion
4.4.2 Calculate the seasonal input to the
pool heater as:

En=BOH (Qin+PE)+(POH—-BOH) Qp
where:

BOH=as defined in 4.2 of this appendix
Qv=as defined in 4.2 of this appendix
PE=as defined in 4.3 of this appendix

POH=as defined in 4.2 of this appendix
Qp=as defined in 4.2 of this appendix

4.4.3 Calculate the pool heater heating sea-
sonal efficiency (in percent).

4.4.3.1 For pool heaters employing a con-
tinuous pilot light:

EFFYHsleO(EOUT/ElN)

where:

Eour=as defined in 4.4.1 of this appendix
Ein=as defined in 4.4.2 of this appendix
100=to convert a fraction to percent

4.4.3.2 For pool heaters without a contin-
uous pilot light:

EFFYus=E,
where:
E=as defined in 4.1 of this appendix.

[62 FR 26165, May 12, 1997]

APPENDIX Q TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF FLUORESCENT LAMP BAL-
LASTS

1. Definitions

1.1 ANSI Standard means a standard devel-
oped by a committee accredited by the
American National Standards Institute.

1.2 Ballast input voltage means the rated
input voltage of a fluorescent lamp ballast.

1.3 F40T12 lamp means a nominal 40 watt
tubular fluorescent lamp which is 48 inches
in length and one and a half inches in diame-
ter, and conforms to ANSI standard C78.1-
1978(R1984).

1.4 F96T12 lamp means a nominal 75 watt
tubular fluorescent lamp which is 96 inches
in length and one and one-half inches in di-
ameter, and conforms to ANSI Standard
C78.1-1978 (R1984).

1.5 F9T12HO lamp means a nominal 110
watt tubular fluorescent lamp which is 96
inches in length and one and a half inches in
diameter, andto operate.
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1.6 Input current means the root-mean-
square (RMS) current in amperes delivered
to a fluorescent lamp ballast.

1.7 Luminaire means a complete lighting
unit consisting of a fluorescent lamp or
lamps, together with parts designed to dis-
tribute the light, to position and protect
such lamps, and to connect such lamps to
the power supply through the ballast.

1.8 Nominal lamp watts means the wattage
at which a fluorescent lamp is designed to
operate.

1.9 Power factor means the power input di-
vided by the product of ballast input voltage
and input current of a fluorescent lamp bal-
last, as measured under test conditions spec-
ified in ANSI Standard C-82.2-1984.

1.10 Power input means the power con-
sumption in watts of a ballast and fluores-
cent lamp or lamps, as determined in accord-
ance with the test procedures specified in
ANSI Standard C82.2-1984.

1.11 Relative light output means the light
output delivered through the use of a ballast
divided by the light output delivered through
the use of a reference ballast, expressed as a
percent, as determined in accordance with
the test procedures specified in ANSI Stand-
ard C82.2-1984.

1.12 Residential building means a structure
or portion of a structure which provides fa-
cilities or shelter for human residency, ex-
cept that such term does not include any
multifamily residential structure of more
than three stores above grade.

1.13 ANSI Standard C82.2-1984 means the
test standard published by the American Na-
tional Standard Institute (ANSI), titled
“American National Standard for Fluores-
cent Lamp Ballasts—Method of Measure-
ment, 1984, and designated as ANSI C82.2-
1984.

2. Test conditions. The test conditions for
testing fluorescent lamp ballasts shall be
done in accordance with the American Na-
tional Standard Institute (ANIS) Standard
C82.2-1984, ‘‘American National Standard for
Fluorescent Lamp Ballasts—Methods of
Measurement,”” approved October 21, 1983.
This incorporation by reference was ap-
proved by the Director of the Federal Reg-
ister in accordance with 5 U.S.C. 552(a) and 1
CFR part 51. Copies may be obtained from
ANSI Publication Sales, 1430 Broadway, New
York, NY 10068. Copies may be inspected at
the Department of Energy, Freedom of Infor-
mation Reading Room, Room 1E-190, Fluo-
rescent Lamp Ballasts, Docket No. CE-RM-
89-102, 1000 Independence Avenue, SW, Wash-
ington DC 20585, or at the National Archives
and Records Administration (NARA). For in-
formation on the availability of this mate-
rial at NARA, call 202-741-6030, or go to:
http://lwww.archives.gov/federal register/
code of federal regulations/
ibr__locations.html. Any subsequent amend-
ment to this standard by the standard-set-
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ting organization will not affect the DOE
test procedures unless and until amended by
DOE. The test conditions are described in
sections 4, 5, 6, 7, and 21 of ANSI Standard
C82.2-1984.

3. Test Method and Measurements.

3.1. The test method for testing fluores-
cent lamp ballasts shall be done in accord-
ance with ANSI Standard C82.2-1984.

3.2 Instrumentation. The instrumentation
shall be as specified by sections 8, 9, 10, 11, 12,
19.1, and 23.2 of ANSI Standard C82.2-1984.

3.3 Electric Supply.

3.3.1. Input Power. Measure the input
power (watts) to the ballast in accordance
with ANSI Standard C82.2-1984, section
3.2.1(3) and section 4.

3.3.2 Input Voltage. Measure the input
voltage (volts) (RMS) to the ballast in ac-
cordance with ANSI Standard C82.2-1984, sec-
tion 3.2.1(1) and section 4.

3.3.3 Input Current. Measure the input cur-
rent (amps) (RMS) to the ballast in accord-
ance with ANSI Standard C82.2-1984, section
3.2.1(2) and section 4.

3.4 Light Output.

3.4.1 Measure the light output of the ref-
erence lamp with the reference ballast in ac-
cordance with ANSI Standard C82.2-1984, sec-
tion 16.

3.4.2 Measure the light output of the ref-
erence lamp with the test ballast in accord-
ance with ANSI Standard C82.2-1984, section
16.

4. Calculations.

4.1 Calculate relative light output:

Photocell output of
lamp on test ballast

Photocell output of
lamp on ref. ballast
Where:

photocell output of lamp on test ballast is
determined in accordance with section
3.4.2, expressed in watts, and photocell out-
put of lamp on ref. ballast is determined in
accordance with section 3.4.1, expressed in
watts.

100 = relative
light output

4.2. Determine the Ballast Efficacy Fac-
tor (BEF) using the following equations:
(a) Single lamp ballast

BEF = relative light output

input power
(b) Multiple lamp ballast

average relative light output

BEF = :
Input power
Where:

input power is determined
with section 3.3.1,

in accordance
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relative light output as defined in section
4.1, and

average relative light output is the relative
light output, as defined in section 4.1, for
all lamps, divided by the total number of
lamps.

4.3 Determine Ballast Power Factor (PF):

Input power

PF = -
Input voltage X input current

Where:

Input power is as defined in section 3.3.1,
Input voltage is determined in accordance
with section 3.3.2, expressed in volts, and
Input current is determined in accordance

with section 3.3.3, expressed in amps.

[54 FR 6076, Feb. 7, 1989, as amended at 56 FR
18682, April 24, 1991; 69 FR 18803, Apr. 9, 2004]

APPENDIX R TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING AVERAGE LAMP EFFI-
CACY (LE) AND COLOR RENDERING
INDEX (CRI) OF ELECTRIC LAMPS

1. Scope: This appendix applies to the meas-
urement of lamp lumens, electrical charac-
teristics and CRI for general service fluores-
cent lamps, and to the measurement of lamp
lumens and electrical characteristics for
general service incandescent lamps, incan-
descent reflector lamps and medium base
compact fluorescent lamps.

2. Definitions

2.1 To the extent that definitions in the
IESNA and CIE standards do not conflict
with the DOE definitions, the definitions
specified in §1.2 of IESNA LM-9, §3.0 of
IESNA LM-20, §2 of IESNA LM-45, §2 of
IESNA LM-58, §1.2 of IESNA LM-66 and §1V
of CIE Publication No. 13.2 shall be included.
2.2 ANSI Standard means a standard devel-

oped by a committee accredited by the

American National Standards Institute

(ANSI).

2.3 CIE means the International Commis-
sion on Illumination.

2.4 CRI means Color Rendering Index as
defined in §430.2.

2.5 IESNA means the Illuminating Engi-
neering Society of North America.

2.6 Lamp efficacy means the ratio of meas-
ured lamp lumen output in lumens to the
measured lamp electrical power input in
watts, rounded to the nearest whole number,
in units of lumens per watt.

2.7 Lamp lumen output means the total lu-
minous flux produced by the lamp, at the ref-
erence condition, in units of lumens.

2.8 Lamp electrical power input means the
total electrical power input to the lamp, in-
cluding both arc and cathode power where
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appropriate, at the reference condition, in
units of watts.

2.9 Reference condition means the test con-
dition specified in IESNA LM-9 for general
service fluorescent lamps, in IESNA LM-20
for incandescent reflector lamps, in IESNA
LM-45 for general service incandescent
lamps and in IESNA LM-66 for medium base
compact fluorescent lamps (see 10 CFR
430.22).

3. Test Conditions

3.1 General Service Fluorescent Lamps: For
general service fluorescent lamps, the ambi-
ent conditions of the test and the electrical
circuits, reference ballasts, stabilization re-
quirements, instruments, detectors, and pho-
tometric test procedure and test report shall
be as described in the relevant sections of
IESNA LM-9 (see 10 CFR 430.22).

3.2 General Service Incandescent Lamps: For
general service incandescent lamps, the se-
lection and seasoning (initial burn-in) of the
test lamps, the equipment and instrumenta-
tion, and the test conditions shall be as de-
scribed in IESNA LM-45 (see 10 CFR 430.22).

3.3 Incandescent Reflector Lamps: For in-
candescent reflector lamps, the selection and
seasoning (initial burn-in) of the test lamps,
the equipment and instrumentation, and the
test conditions shall conform to sections 4.2
and 5.0 of IESNA LM-20 (see 10 CFR 430.22).

3.4 Medium Base Compact Fluorescent
Lamps: For medium base compact fluores-
cent lamps, the selection, seasoning and sta-
bilization of the test lamps, and the test con-
ditions, shall be as described in Sections 1, 2,
3, and 7 of IESNA LM-66 (see 10 CFR 430.22).

4. Test Methods and Measurements

All lumen measurements made with in-
struments calibrated to the devalued NIST
lumen after January 1, 1996, shall be multi-
plied by 1.011.

4.1 General Service Fluorescent Lamps

4.1.1 The measurement procedure shall be
as described in IESNA LM-9, except that
lamps shall be operated at the appropriate
voltage and current conditions as described
in ANSI C78.375 and in ANSI C78.1, C78.2 or
C78.3, and lamps shall be operated using the
appropriate reference ballast as described in
ANSI C82.3 (see 10 CFR 430.22).

4.1.2 Lamp lumen output (lumens) and
lamp electrical power input (watts), at the
reference condition, shall be measured and
recorded. Lamp efficacy shall be determined
by computing the ratio of the measured lamp
lumen output and lamp electrical power
input at equilibrium for the reference condi-
tion.

4.2 General Service Incandescent Lamps

4.2.1 The measurement procedure shall be
as described in IESNA LM-45 (see 10 CFR
430.22). Lamps shall be operated at the rated
voltage as defined in §430.2.
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4.2.2 The test procedure shall conform
with section 7 of IESNA LM-45 and the
lumen output of the lamp shall be deter-
mined in accordance with Sections 4.2a or
4.2b of IESNA LM-45 at the reference condi-
tion. Lamp electrical power input in watts
shall be measured and recorded. Lamp effi-
cacy shall be determined by computing the
ratio of the measured lamp lumen output
and lamp electrical power input at equi-
librium for the reference condition. The test
report shall conform to §8 of IESNA LM-45
(see 10 CFR §430.22).

4.3 Incandescent Reflector Lamps

4.3.1 The measurement procedure shall be
as described in IESNA LM-20 (see 10 CFR
430.22). Lamps shall be operated at the rated
voltage as defined in §430.2.

4.3.2. Lamp lumen output shall be deter-
mined as total forward lumens, and may be
measured in an integrating sphere at the ref-
erence condition in accordance with §7.2 of
IESNA LM-20 (see 10 CFR 430.22) or from an
average intensity distribution curve meas-
ured at the reference condition specified in
§6.0 of IESNA LM-20. Lamp electrical power
input in watts shall be measured and re-
corded.

4.3.3 Lamp efficacy shall be determined
by computing the ratio of the measured lamp
lumen output and lamp electrical power
input at equilibrium for the reference condi-
tion. The test report shall conform to sec-
tion 10.0 of IES LM-20 (see §430.22).

4.4 Medium Base Compact Fluorescent
Lamps

4.4.1 The measurement procedure shall be
as described in IESNA LM-66 (see 10 CFR
430.22) except that the provisions of IESNA
LM-66 which refer to operation of the lamp
using a reference ballast do not apply to the
testing of integrally ballasted compact fluo-
rescent lamps. Lamps shall be operated at
120 V and 60 Hertz. Lamp lumen output shall
be measured with the integral ballast ac-
cording to section 11.3 of IESNA LM-66.
Lamp electrical power input in watts shall
be measured and recorded.

4,42 Lamp efficacy shall be determined
by computing the ratio of the measured lamp
lumen output and lamp electrical power
input at equilibrium for the reference condi-
tion. The test report shall conform to sec-
tion 13 of IESNA LM-66 (see 10 CFR 430.22).

4.5 Determination of Color Rendering Index

45.1 The CRI shall be determined in ac-
cordance with the method specified in CIE
Publication 13.2 for general service fluores-
cent lamps. The required spectroradiometric
measurement and characterization shall be
conducted in accordance with the methods
given in IESNA LM-58 and IESNA LM-16 (see
10 CFR 430.22).

4.5.2 The test report shall include a de-
scription of the test conditions, equipment,
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measured lamps, spectroradiometric meas-
urement results and CRI determination.

[62 FR 29240, May 29, 1997]

APPENDIX S TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE WATER CONSUMP-
TION OF FAUCETS AND SHOWERHEADS

1. Scope: This Appendix covers the test re-
quirements used to measure the hydraulic
performance of faucets and showerheads.

2. Flow Capacity Requirements:

a. Faucets—The test procedures to meas-
ure the water flow rate for faucets, expressed
in gallons per minute (gpm) and liters per
minute (L/min), or gallons per cycle (gal/
cycle) and liters per cycle (L/cycle), shall be
conducted in accordance with the test re-
quirements specified in section 6.5, Flow Ca-
pacity Test, of the ASME/ANSI Standard
Al12.18.1M-1996 (see §430.22). Measurements
shall be recorded at the resolution of the test
instrumentation. Calculations shall be
rounded off to the same number of signifi-
cant digits as the previous step. The final
water consumption value shall be rounded to
one decimal place for non-metered faucets,
or two decimal places for metered faucets.

b. Showerheads—The test conditions to
measure the water flow rate for
showerheads, expressed in gallons per minute
(gpm) and liters per minute (L/min), shall be
conducted in accordance with the test re-
quirements specified in section 6.5, Flow Ca-
pacity Test, of the ASME/ANSI Standard
Al12.18.1M-1996 (see §430.22). Measurements
shall be recorded at the resolution of the test
instrumentation. Calculations shall be
rounded off to the same number of signifi-
cant digits as the previous step. The final
water consumption value shall be rounded to
one decimal place.

[63 FR 13316, Mar. 18, 1998]

APPENDIX T TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE WATER CONSUMP-
TION OF WATER CLOSETS AND URI-
NALS

1. Scope: This Appendix covers the test re-
quirements used to measure the hydraulic
performances of water closets and urinals.

2. Test Apparatus and General Instructions:

a. The test apparatus and instructions for
testing water closets shall conform to the re-
quirements specified in section 7.1.2, Test
Apparatus and General Requirements, sub-
sections 7.1.2.1, 7.1.2.2, and 7.1.2.3 of the
ASME/ANSI Standard A112.19.6-1995 (see
§430.22). Measurements shall be recorded at
the resolution of the test instrumentation.
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Calculations shall be rounded off to the same
number of significant digits as the previous
step. The final water consumption value
shall be rounded to one decimal place.

b. The test apparatus and instructions for
testing urinals shall conform to the require-
ments specified in section 8.2, Test Appa-
ratus and General Requirements, subsections
8.2.1, 8.2.2, and 8.2.3 of the ASME/ANSI
Standard A112.19.6-1995 (see §430.22). Meas-
urements shall be recorded at the resolution
of the test instrumentation. Calculations
shall be rounded off to the same number of
significant digits as the previous step. The
final water consumption value shall be
rounded to one decimal place.

3. Test Measurement:

a. Water closets—The measurement of the
water flush volume for water closets, ex-
pressed in gallons per flush (gpf) and liters
per flush (Lpf), shall be conducted in accord-
ance with the test requirements specified in
section 7.1.6, Water Consumption and Hy-
draulic Characteristics, of the ASME/ANSI
Standard A112.19.6-1995 (see §430.22).

b. Urinals—The measurement of water
flush volume for urinals, expressed in gallons
per flush (gpf) and liters per flush (Lpf), shall
be conducted in accordance with the test re-
quirements specified in section 8.5, Water
Consumption, of the ASME/ANSI Standard
Al112.19.6-1995 (see §430.22).

[63 FR 13317, Mar. 18, 1998]

Subpart C—Energy and Water
Conservation Standards

§430.31 Purpose and scope.

This subpart contains energy con-
servation standards and water con-
servation standards (in the case of fau-
cets, showerheads, water closets, and
urinals) for classes of covered products
that are required to be administered by
the Department of Energy pursuant to
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the Energy Conservation Program for
Consumer Products Other Than Auto-
mobiles under the Energy Policy and
Conservation Act, as amended (42
U.S.C. 6291 et seq.). Basic models of cov-
ered products manufactured before the
date on which an amended energy con-
servation standard or water conserva-
tion standard (in the case of faucets,
showerheads, water closets, and uri-
nals) becomes effective (or revisions of
such models that are manufactured
after such date and have the same en-
ergy efficiency, energy use characteris-
tics, or water use characteristics (in
the case of faucets, showerheads, water
closets, and urinals), that comply with
the energy conservation standard or
water conservation standard (in the
case of faucets, showerheads, water
closets, and urinals) applicable to such
covered products on the day before
such date shall be deemed to comply
with the amended energy conservation
standard or water conservation stand-

ard (in the —case of faucets,
showerheads, water closets, and uri-
nals).

[63 FR 13317, Mar. 18, 1998]

§430.32 Energy and water conserva-
tion standards and effective dates.

The energy and water (in the case of
faucets, showerheads, water closets,
and urinals) conservation standards for
the covered product classes are:

(a) Refrigerators/refrigerator-freezers/
freezers. These standards do not apply
to refrigerators and refrigerator-freez-
ers with total refrigerated volume ex-
ceeding 39 cubic feet (1104 liters) or
freezers with total refrigerated volume
exceeding 30 cubic feet (850 liters).

Product class

Energy standards equations for max-
imum energy use

1. Refrigerators and Refrigerator-freezers with manual defrost

2. Refrigerator-Freezer—partial automatic defrost

3. Refrigerator-Freezers—automatic defrost with top-mounted freezer without through-

the-door ice service and all-refrigerators—automatic defrost

4. Refrigerator-Freezers—automatic defrost with side-mounted freezer without through-

the-door ice service

(kWh/yr)
Effective Effective
January 1, 1993 July 1, 2001

.................................... 13.5AV+299 8.82AV+248.4
0.48av+299 0.31av+248.4

...... 10.4AV+398 8.82AV+248.4

0.37av+398 0.31av+248.4

.................................... 16.0AV+355 9.80AV+276.0
0.57av+355 0.35av+276.0

....... 11.8AV+501 4.91AV+507.5

0.42AV+501 0.17av+507.5
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